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I NTRODUCTI ON

Purpose and Oganization

This final report summarizes data and interpretations from
studies of surface sedinents, faults, and areas of potentially
unstable sedinment nasses in the St. George Basin region of the
outer continental shelf, southern Bering Sea (Fig. 1). W have
divided the report into four mmjor parts: Part 1 is an
introduction which reviews nethods used and the quantity of data
collected during the contract period; Part 2 deals with the
sedimentology and geochenmistry of surface sedinents; Part 3
di scusses distributions of faults and areas of potentially
unstabl e sedinment; and Part 4 is a review of the major
concl usi ons. Informati on on other aspects of our studies can be
found in our 1977 and 1978 annual reports to OCSEAP and in the
various publications and reports tabulated in Appendix A

Shi p-board Data Col |l ection

Most data used in this report (Table 1) were collected
onboard the U S. Ceological Survey research vessels SEA SOUNDER
and SAMJEL P. LEE. A small part of the single channel seismc
reflection data was collected onboard the R/V STORIS. Navigation
of R/V SEA SOUNDER and RV LEE was by integrated satellite and
Loran C which has a nominal position accuracy of +£200m or
better. In addition, the R/V LEE used doppler sonar integrated
into the navigation system Navi gation on the R/V STORIS was by
satellite with a position accuracy of £500m or better.

Acoustic data used to interpret distributions of reflectors,
faults, and areas of potentially unstable sedinents were
collected by the following seismc-reflection equipnment: 1) 3.5
kHz; 2) 2.5 kHz (uniboom source): 3) single-chagnel seismc
reflection (60KJ to 160kJ sparker and up to 1300 in- air gun
sources); and 4) 24-channel nultichannel equiprment using a 1300
1,3 airgun array. The various types of seismc-reflection data

and the cruises are shown in Table 2. Tracklines for cruises S4-
76 and S6-77 of the RrR/v SEA SOUNDER are given in Figs. 2 and 3.
In addition to seismc-reflection data, both gravity and
magnetics were collected routinely while underway.

In general, the quality of the 3.5 kHz data is only fair,
but the 2.5 kHz data are fair to good and the | owresolution
seismc-reflection data are fair to excellent. The 3.5 kHz
system general |y penetrated only to the first subbottom reflector
(0.005 see; approxinately 4 m, but in a few places it penetrated
to 0.05 sec (approximately 35 m The 2.5 kHz system typically
penetrated to 0.05 sec or less. The single-channel seisnc-
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3

Table 1, Summary of data collected on cruises S4-76 and S6-77 of
the RF'V SEA SOUNDER and mul tichannel data collected on
the RRV LEE in St. George basin region, southern Bering

Sea.
Data Type Approxi mate Nunmber Nunber of Sanples
of Kiloneters or Stations
12 kHz Profiles 6, 500
3.5 kHz Profiles 14, 800
2.5 kHz Profiles 5,900
80-160 KJ Profiles 11, 500
Magnet onet er Records 7,500
Gravity Data 16, 500
Sea Surface T & S Profiles 13, 000
Side Scan Sonar Profiles 150
Mul ti channel Ref | ection
Profiles 2,800
Gavity Cores 124
Pi ston Cores 8
Van Veen Sanples 31
Dredge Haul s 5
XBT Stations 79
Current Meter Stations 27
Water Bottle Casts 143
CTD Profiles 41
Sea Floor TV (Hours) 6
Bottom Canera Stations 11
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reflection profiling systens penetrated to a maxi num of about 2.0
sec in deep water and multichannel system was able to penetrate
as much as 5.5 sec over the St. Ceorge basin (Marlow et al.,1976;
1977) .

‘Table 2.  Cruises and types of Seismc-Reflection Data

B Data Type _
Ship Crui se H gh Resol ution - Low Resol ution
3.5 kHz 2.5 kHz single single multi-
channel channel channel
airgun sparker

R/V SEA SOUNDER

s4-76 X X X
S6- 77 X X X
R/V LEE
BERS- 75-%A X X X
L.S-76 X X X X
R/V STORI S
sT-69 X

Factors which affect the quality of the seismc data can be
grouped in two broad categories: (1) the types of seismc
systens used and their environments, and (2) the surface
andsubsurface geology. The environnment of the seismc system
includes the sea-state at the time of recording! anbient acoustic
interference generated by the vessel, depth of water, and the
wat chst ander overseeing the system The first two factors affect
the high-resolution systenms nmuch nmore than the |owresolution
systens. Sea-state conditions during which nost data were
coll ected ranged between calm and Force 8, but were typically
between Forces 1 and 4. Rough sea-states result in the
decouplin% of hydrophores and/or transducers from the water
colum, thus seriously reducing the quality of high-resolution
records. Anmbient acoustic interference generated by the vessel
adds further to the noise level on all the data. he depth of
wat er affects the high- and |owresolution systens in opposite
ways. On the |owresolution single-channel systens, shallow
wat er depths influence the records by producing a first harnonic
(multiple) that on many records obliterates the signals beneath
it. As the water depth increases, the interference by the first
multiple is at deeper levels on the records, thus allow ng nore
signals to be recorded. The high-resolution systems, however,
performed well in shallow water because of the high repetition
rates of the outgoing signals (generally 1/4 to 1 see), but they
did not performwell in deep water because of their relatively
low power output. Reverberations create a “ringing” that also
tends to mask out sone signals.
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Despite the weaknesses of the various systems and because of
the coverage of the area and the large anount of good quality
data collected, we feel that the data are nore than adequate to
interpret the regional surface and near-surface geol ogy.

The resolution of the seismc systens (Table 3) were
cal cul ated usin? the velocity of sound in water and by follow ng
the procedure of More (1972) who showed that the resolution of
seismc-reflection systenms is between 0.25 and 0.75 the wave-
| ength of the source. However, as we noted above, the actual
resolution of a feature is not only a function of the outgoing
frequencies but also is affected by the environnents of the
systens (e.g. , sea-state, depth of water, acoustic interference,
wat chstander) and the surface and subsurface geology. There is a
gap in the resolving range of our systems between about 0.5 m and
4 m whi ch suggests that features with thicknesses or offsets in
t hat range woul d not necessarily be resol ved.

Table 3. Ranges of resolution for seismc systens.

Appr oxi mate Peak Frequency Range of M ni mum Resol ution (
40 Hz (multichannel) 9.4 to 28.1
100 Hz ésingle channel ) 3.2 to 11.2
2.5 kHz 0.15 to 0.5
3.5 kHz 0.1 to 0.3

Sampling stations are given in Figs. 4 and 5 and the data
collected are given in Table 1. Sanpling equiprent included
piston and gravity corers, van Veen sanplers and dredge hauls.
we phot ographed the sea floor using television, 35 nmm and 70 mm
caneras. Physical oceanographic neasurenents were made by CID
profilers, water bottle casts, current meters, and expendable
bat hyt her nographs. W cut the cores onboard the r/v SEA SOUNDER
into 1.5 msections, sliced themin half, retaining one half for
archiving and the other for sanpling, and described the cores
using megascopic and mcroscopic techniques. The archive hal ves
wer e photographed, using an 8 x 10 canera, and X-rayed. Sanpling
oL_the cores for subsequent shore-based studies was done on the
shi p.

Shore-Based Data Coll ection

The upper 30 cmor nore of piston and gravity cores were
honogeni zed by mxing with sea water as a result of coring
operations; consequently, analyses of surface sanples represent
average values for the upper 30 cm of the sedinents. Sanples
col l ected using thevan Veen sanpler were undisturbed, and are
representative of surface sedinent to within a few centinmeters
bel ow the sedinment-water interface. Subsamples for anal yses of
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grain-size conposition of heavy (rP>2.85) and light (P<2.85
mnerals, clay minerals, and inorganic geochem stry were
collected fromthe top 3 cm of van Veen samples, and fromw thin
the top 5 cmof gravity and piston cores (Table 4). The prinmary
sanpling network during the 1976 field season consisted of 51
stations centered over the St. Ceorge basin and the Pribilof

| sl ands (Fig. 4). Duplicate cores were collected at 30 of these
stations in order to neasure local variability in major and m nor
el enents. The duplicate cores were separated by as much as
several hundred neters, depending upon drift of the ship while on
station. In addition to sanples collected on the St. George
Basin grid, 18 sanples were collected during the 1977 field
season (Fig. 5) in the vicinity of the pribilof Islands, fromthe
adjacent continental slope, and near Unimak Island in the

Al eutian chain. Sanple locations used for our sedinent analyses
are plotted on a bathynmetric chart of the area in Figure 6, which
is keyed to Table 4.

Gain size was nmeasured by first splitting sanples into >63.«
and <634 size fractions. The >34« fractions were anal yzed
using 2-mrapid sedinent analyzers (Thiede et al., 1976) and the
>63 4 fractions were analyzed wth a hydrophotometer (Jordon et
ale, 1971). Replicate analyses and calibration tests show that
the rapi d sedi nent anal yzers have a precision of 15% and accuracy
of +5%. The hydrophotoneter has a precision of +10% and an
accuracy of #1%. Total carbon was determned with a LECO node
WrR-12 carbon analyzer. Three analyses of total carbon per sanple
were averaged. The LECO has a precision of +2% and an accuracy
of +ls.

Bulk sanples of sedinent were sieved to retrieve the 634to
88 a fraction. This fraction was then floated on diluted
t et rabronoent hane (= 2.85) to separate heavy mnerals and rock
fragments fromlight mnerals and rock fragments. Random nounted
slides were prepared and a m ninum of 300 counts were made
covering the whole area of each slide using the |ine method.

Al'l sanmples for clay mneral ogy, as well as all sanples for
other studies reported here, were kept moist in air-tight sanple
vials at 3° Cfromthe time of collection until the time of
preparation. The <2 ua fraction was used for clay mneral studies
follow ng the preparation ﬁrocedures of Hein et al. (1975), and
the sem -quantitative weighted-peak X-ray diffraction technique
of Biscaye (1965]. A polar planimeter was used to neasure the
areas under the peaks on the diffractograns. Barium saturation
was attenpted on several sanples to help differentiate between
chlorite and vermiculite. Although a peak at 7.8A& commonly did
appear as a result of this treatnent, it was not well devel oped
and was highly interpretive. Hence, barium saturation was not
used routinely. Sanples were glycolated to help identifg the
expandabl e clays. Diffractograns were run from 3° to 14~ 28 and
measurenments of peak areas were taken on the glycolated sample.
X-ray diffraction peaks corresponding to d-spacings of 74, 104,
and 178 were routinely neasured for chlorites/kaolinite, illite,
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reference nunber (see Table 4 for corresponding sanple nunber).
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Table 4. Summary of Analyses.  Map nunber refers to nunbers on Fig. 6. |atrers
I N the sample column designate sample types; G = gravity core, IJ‘ =

- - Ino  nic
Map Core nterval | Gain Heavy Li ght Groof  dutry
Number year ¢ (m) Size day Minera | Mineral | omplet. | b-ctep Car bon
hemist sSPeC.
LAY
1 77 Vo s 0-3 X X
2 77 Voo 0-3 X X X X X
3 77 Vo7 0-3 X X
4 7% cl21 0-5 X X X X X X
4 76 v28 0-3 X
5 77 G014 0-5 X X X X X
6 7 G002 15-20 X X X X X
7 76 GO05 0-5 X X X X X X
7 76 GO06 3-4 X
8 76 G7 0-5
8 76 Go08 7-15 X X X X X X
8 76 309 4-5 X
9 76 co 19 0-10 X
9 76 Gol} 13-18 X X X X X
9 76 D12 4-5 X
10 76 @52 9-13 X X X X X X
11 76 G053 0-1 X
11 76 GD54 0-3 X X X X X X
12 76 G119 0-5 X X X X
12 76 G120 4-5 X
13 77 GC16 0-5 X X X X X
14 77 [CORT] 0-5 X X X X X
15 7% G117 0-1 X
15 7% G118 6-11 X X X X X
16 76 GO55 4-5 X
16 7% G056 0-4 X X X X X
16 76 @57 0-5 X
17 76 G050 0-1 X
17 76 G051} 6-11 X X X X X
11 -18 r 3 3-8 X
18 76 G013 14-19 X X X X X X
18 76 G014 4-5 X
19 76 G049 0-5 X X X X X
20 76 059 5-B X X X X X
20 76 G060 0-2 X
21 76 G115 4-5 X
21 76 Gl16 0-5 X X X X
2 7l 020 0-5 X X X X X
23 76 G113 3-8 X X X X
23 76 Gl14 0-1 X
24 7% GOG1 4-5 X
24 76 062 0-5 X X X X X X
24 76 P05 0-5 X
25 76 47 45 X
25 76 G048 0-8 X X X X X
26 76 5 4-5 X
26 76 G 316 7-9 X X X
27 76 G046 11-16 X X X X X X
28 76 063 15-20 X X X X X
2B 76 POG 6-11 X
29 7G Gl 1-5 X X X X X X
29 76 Gl12 4-5 X
30 77 G022 0-5 X X X X
31 7% GIO3 3-8 X X X X X X
31 % Gllo0 4-5 X
32 76 G064 4-s X
32 76 GOGS 10-15 X X X X X X
33 76 Q42 0-1. X
33 76 @043 oG X X X X X x
34 76 Go1l8 4-5 X
34 76 G019 0-3 X X X X X
35 76 c041 6-11 X X X X X X
36 7 F13 0-2 X X X X X X
37 77 G023 0-5 X X X
38 71 024 0-5 X X X
38 27 G025 0-1o X X X X ,
39 76 P10 0-2 X X X X X X !
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Tabl e 4. (Continued)

13
Inorgqani¢
Map — Core—.. Interval| Gain Heavy Light G':ochgmis‘-tl'v
Number year ' (an.) Size Clay pineral | i neral {comp lete ©-Step || carbon
c]lf‘rnf'tl’n gms.
40 76 GOGG 4-5 X
40 76 Go6? 5-10 X X X X b 4 X
Q 77 G012 11-12 X X
42 77 con? 0-1 X X
43 76 @033 B13 X X X
43 76 Go34 4-5 X
43 76 & % 2-7 X
44 76 6 37 2-8 X X X X X
45 7% G038 0-5 X X X
45 76 039 0-s X
46 76 040 6-10 X X X
47 7 020 6-11 X X X X X b ¢
47 76 G021 4-5 X
48 76 G032 6-11 X X
49 76 G103 2-7 X X X X X X
49 76 V25 0-3 X
50 76 V23 0-3 X X X
51 76 V21 0-3 X X X
52 76 V20 0-3 X X X x
53 76 V19 0-3 X X X
54 76 30 1-6 X X X X X
54 76 GO31 4-5 X
55 76 V02 0-3 X X X X X
56 76 @27 14-19 X X X X X
56 76 G028 0-5 X
56 76 G029 4-5 X
57 76 v18- 0-3 X X X X X X
58 76 G105 10- 15 X X X X X X
58 76 G107 0-5 v
58 76 Po 8 3-8 X
59 76 GOG9 0-5 X X X X
59 76 Vo 7 0-3 X X X X x
60 76 v14 0-3 X X X b X
61 76 V15 0-3 X X X
62 7% @94 0-3 X X X X
63 76 V17 0-3 X X X X X X
64 76 Vo6 0-3 X X X X X
’s 76 V05 0-3 X X X
66 76 V04 0-3 X X X
67 76 Vo 3 0-3 X X X X x X
68 76 vil . 0-3 X X X
69 76 vi2 0-3 X X X X X X
70 76 G089 0-3 X X « X X X b4
71 76 090 2-4 X X X
72 76 091 0-1 x
72 76 PO7 s-lo X X X X X X
73 76 @70 0-1 X
73 76 7l 2-7 X X X X X X
24 77 G029 0-5 X X X X b
75 7 0 % 0-5 X X X X X
7% 76 Q72 4-5 X
7% 76 G074 0-5 X X X
77 76 G075 6-10 X X b X X
78 76 Q77 0-5 X X X X X X
79 76 co78 0-1 X
79 7 G » 0-5 X X X b4
8o 76 (0 80 0-5 X X X
81 76 GBI 0-5 X X X b
82 7 6 82 0-5 X X X X
83 7% Vo 0-3 X X b
84 76 Vo9 0-3 X X X x X
85 k3 Vo8 0-3 X
86 76 V22 0-3 X X X X X X
87 76 V24 0-3 X X
08 76 V26 0-3 X X
89 77 V04 0-3 X
90 7 P11 0-5 X x
9] 76 V29 0-3 X X X
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and m xed | ayer clays resgectively. A sl ow scan (0.25° 26 per
mn. ) between 24° and 26~ 20 was used to differentiate kxaolinite
from chlorite. No internal standards were used in this study.
Therefore, the values obtained by these techniques are relative
wthin this studY only and should not be taken as absolute
percentages of clay mnerals present.

A total of 103 sanples from 65 stations in the 1976 St.
Ceorge basin grid were analyzed for 31 major, mnor, and trace
el enents using a conbination of semquantitative optical emssion
spectroscopy, X-ray fluorescence, atom c absorption spectrometry,
and neutron activation analysis. The details of these anal ytical
met hods are described in sections by J. S. wahlberg, C aude
Huffman, Jr. . J. |. Dinnin, Harriet G Neiman, A J. Bartel, and
H T. Mllard, Jr., in Mesch (1976). Ei ghteen of these 103
sanpl es were chosen at random for duplicate analyses in the
anal ytical laboratories. Al 121 analytical sanples (103 sanples
plus 18 duplicates) were submtted in a random zed sequence to
the analytical |aboratories of the U S. GCeological Survey in
Denver. An additional suite of 24 sanples from 20 stations in
the vicinity of the pribilof Islands were anal yzed for
concentrations of 19 major, mnor, and trace el enents by
sem quantitative optical emssion spectroscopy.

Sanples were air dried and ground in a ceramc mill to pass
a 100-nmesh (149 w) sieve. Because the sanples were air dried4
anal ytical values of Na, S, and Mg will be too high due to Na
sof, and Mg*'dissolved in interstitial water and left as a
resi'due after evaporation. To correct these values, we assuned
that all of the d determned by X-ray fluorescence was due to

Cl dissolved in interstitial water, and that the interstitial
wat er contained the same proportions of Na, S, Mg, and Cl as
average sea water. Interstitial water contributions of Na, S.
and Mg were then subtracted from the anal ytical val ues.

SEDI MENTOLOGY AND GEOCHEM STRY OF SURFACE SEDI MENTS

Summary

Present-day sedi ment dynamics, conbined with the dynam cs
associated with lowering of sea level during the Pleistocene,
have created a mxture of sedinments on the outer continental
shel f of the southern Bering Sea that has been derived from the
Al askan mainland, the Aleutian Islands, and the Pribilof ridge.
Concentrations of finer-grained, higher-organic sedinments in the
region of the St. George basin have further nodified the regiona
distribution patterns of sedinment conposition. Qnode factor
anal ysis of 58 variables related to sedinment size and
conmposi tion-- including major, mnor, and trace elenents, heavy
and light mnerals, and clay mnerals-- reveals three dom nant
sedi ment associ ations.

Felsic sedi nent derived fromthe generally quartz-rich rocks
of the Alaskan mainland forns a background over nost of the
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continental shelf. These sediments contain relatively high
concentrations of Si, Ba, Rb, quartz, garnet, epidote,

met anor phi ¢ rock fragments, K-feldspar, and illite. A second

i mportant association, superinposed on the felsic background, is
andesitic sedinent derived fromthe Aeutian Islands. These
sediments contain relatively high concentrations of Na, ca, Ti
Sr, V, M, Cu, Fe, A, Co, zn, Y, Yb, Ga, volcanic rock
fragments, glass, clinopyroxene, Smectite, and vermculite. A
| ocal basaltic association, derived fromthe pribilof Islands,
factors out as a subset of the Al eutian andesite association.
Concentrations of finer-grained sedinent in St. George basin
results in a sedinent association containing relatively high
concentrations of C, S U, Li, B zr, Ga, Hg, silt, and clay.

Sediments of the Aleutian andesite association are
concentrated mainly between the 100- and 200-meter isobaths;they
exhibit a strong gradient, or “plume”, decreasing away from
Unimak pass and toward St. CGeorge basin. Lack’ of present-day
currents sufficient to nove even clay-size material and the
presence of the Bering subnmarine canyon between the Aleutian
I slands and the outer continental shelf and slope indicate that
Hol ocene sedi ment dynam cs cannot be used to explain the observed
distribution of surface sedinents derived from the Aleutian
Islands. W suggest that this distribution pattern is relict and
resulted from sedi nent dynamcs during lower sea levels in the
Pl ei st ocene.

Regi onal Setting

The geologic history and structure of the region have been
sumarized by Scholl et al. (1968), Scholl and Hopkins (1969),

Nel son et al. (1974), Marlow et al. (1975), Scholl et al. (1975),
and MarTow et al. (1977a). The southeastern Bering Sea can be
broadly subdivided into four major physiographic provi nces:

outer continental shelf, continental margin, Pribilof ridge, and
the Bering and Pribilof canyons (Figure 7). The outer

continental shelf is a broad, flat area that has a gradient of
1:2000 (0.03°) between the 100 misobath and the shelf break at
about 170 m  The Pribilof ridge is a prom nent northwest-

sout heast-trendi ng topographic high that is capped by the
Pribilof Islands. The ridge is a relatively smoth surface cut
by at |east one terrace that may be a Pleistocene feature. The
ridge plunges bel ow the shelf at about 56°40’ N, 168°50'w, but can
be followed to the east in the subsurface to 55°40'N, 165°30'w.
The continental slope to the northwest abruptly drops away from
the shelf break with gradients of 1:20 (30). Toward the

sout heast, however, the gradient decreases to 1:40 (1.40). The
continental slope is characterized by hummocky topography,

scarps, and canyons on alnost all scales. The continental nargin
in this region is incised by two giant submarine canyons, Bering
and pribilof canyons (Scholl et al, 1970), which nay have pl ayed
gignificant roles in the transport of sedinent to the Aleutian
asin.
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Rock units underlying the continental shelf and slope can be
broadly divided into an acoustically |ayered sequence of Cenozoic
age and a Mesozoic unit that has been highly deforned and
conprises the acoustic basement (Scholl et al., 1968; 1975). The
acoustic basenment probably consists of deformed rocks of Mesozoic
age that can be divided into two belts (Marlow et al. , 1977a;
1977b). A northeasterly belt of Upper Jurassic and younger
Mesozoi ¢ rocks extends northwestward fromthe Black Hills region
on the Alaska Peninsula to the northern part of the Pribilof
ridge. A second belt lies basinward (southwest) of the first and
consists of a younger (Campanian and younger assenblage of
continental -margin rocks that extends, parallel to the inner belt
of shallownmarine Jurassic rocks, from southern Alaska wvia the
outer Bering shelf to eastern Siberia. Marlow et al. (1977a)
specul ated further that a Jurassic, Cretaceus, and earliest
Tertiary magmatic arc extended parallel to and inside (landward)
both deep-water and shal | owwater depositional troughs.

The present-day reformati onal and sedimentological patterns
in the southern Bering Sea were created after the growth of the
Aleutian arc in late Mesozoic or earliest Tertiary tine, when the
old plate boundary shifted from an ancient Bering Sea margin to a
site near the present Aleutian Trench, thereby trapping a large
pi ece of the kKula Plate within the abyssal Bering Sea (Scholl, et
al., 1975; Cooper, et al. , 1976). After an initial episode of ~
uplift and erosion in the early Tertiary, the margi n underwent
extensional collapse and differential subsidence that has _
continued to the present (Marlow et al., 1976). Elongate basins
formed in the vicinity of the nodern outer shelf as a consequence
of collapse. St. Ceorge basin is the largest of the southern
basins. This basin is a graben of_sedimentary fill enconpassing
an area of approximtely 15, 000 km? and eontaining a volune of at
| east 150, 000 k%(Marlow, et _al., 1976). The basin is a |ong
(greater than 300 kmj and narrow (30 to 50 km) structure that
paral lels the present continental margin and is, in places,
filled with nore than 10 km of upper Mesozoic (?) and Cenozoic
sedi nentary deposits.

Studies of the distribution of sediments on the continental
shelf of the southern Bering Sea by Sharma et al. (1972) and
Sharma (1974, 1975) have concentrated nainly on sanples from
Bristol Bay, located on the inner shelf. These authors
characterize Bristol Bay as a classical graded shelf. Askren
(1972) investigated sedinments in a broad region to the northwest
of our area but did include 12 sanples fromwthin the area of
this study. He concluded that the shelf is md-stage in the
establ i shnent of a graded condition.

The oceanographic circulation of the Bering Sea was first
studi ed by Ratnmanoff (1937) who described the exchange between
the Bering Sea and the Pacific Ccean. Interpretations of the
physi cal oceanography of the Bering Sea through 1974 (e.qg.
Favorite, 1974; Takenouti and GChtani, 1974) suggest that surface
waters nove in a cyclonic gyre or sem-gyre eastward al ong the
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north side of the Al eutians-Al askan Peninsula, curve around to
the northwest along the southwestern Al askan coast, and
eventual ly turn northward and flow through the Bering Strait.
The presence of a return flow of bottom waters to the southwest
and south over the shelf has not been docunented. Recently,
Schumaker et al. (in prep.) reported on current-meter noorings
depl oyed to neasure surface and near-bottom currents on the outer
continental shelf of the southern Bering Sea. They report a
predom nantly east-west tidal flow with little net flow.  The
sem -gyre described above is suggested by their data but the
circulation is very sluggish. Pulses of high-velocity flow do
occur for a few days during storns, wth peak flows up to 40

cm see, but these pul ses show no net flow over a season

General Description and Texture of Surface Sedinents

The surficial sedinments of the outer continental shelf are
generally olive %{ay. greeni sh gray, to grayish olive green silt
to silty sand. vi dence for extensive burrow ng, such as color
mottling, di screte burrows, and total honogenization with no

internal structures, is comon throughout all cores. Sonme cores
have thin interbeds 5 to 15 cm thick of coarser-grained nmaterial,
but this is not a general feature. Four cores from the outernost

part of the continental shelf (cores G113, G116, G118, and G119)
have an upper layer, 50 cm thick, of diatombearing greenish gray
silt overlying a gray silty clay with very few diatons.

almost all of the other cores show a uniform lithology. Askren
(1972) reported benthonic foraminifera in sediments from this
area. W examned 124 surface sediment sanples and did not find
any benthonic foraminifera. The reasons for this discrepancy
remain a nystery.

The gray and greenish hues of the sediments indicate
reducing conditions or at least reduced iron oxides in the clay
mnerals. The water colum is certainly not anaerobic at any
level; thus the reducing environment is diagenetic. Because the
region is one of very high biological productivity (Hattori and
Wada, 1974), it seens nost likely that |arge volumes of organic
debris from plankton and nekton settle to the sedinent surface.
Burrowing attests to high epifaunal and infaunal activity on and
in the sediments. Oganic debris that is supplied to anaerobic
bacteria uses up all available oxygen by netabolizing the organic
material. The sedinments become reduced because of high
bi ol ogi cal oxygen demand within the sedi nents even though the
bottom water 1s oxygenated.

The salient features of the distribution of grain sizes is a
bull's-eye pattern of finer grain size over St. Ceorge basin, and
a broad band of rapid size change around the head of Pribilof
Canyon and the northwestern margin of Bering Canyon (Fig. 8).

The bull's-eye pattern reflects the occurrence of finer grain
sizes in the center of the graben that forns St. George basin.
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The band of rapid size change coincides with areas of high
topographic relief, with coarser sedinments at the shall ower
dept hs.

The central portion of St. George basin is very poorly
sorted (Fig. 9), which reflects the lack of significant
wi nnowi ng.  The northwestern border of the Bering Canyon, the
head of Pribilof Canyon and the topographic high of Pribilof
ridge all show noderately-sorted sedinments. The size-frequency
distribution for nost sediments in St. George basin region are
| eptokurtic to very leptokurtic, but in the vicinity of the
Pribilof Islands the distributions are mesokurtic. The
distributions are fine to strongly fine-skewed throughout the
region. Summary statistics of grain-size data (median grain
size, Mean grain size, sorting, skewness, and kurtosis) are given
in Table 5.

Petrol ogy of Surface Sediments

A subset of 32 sanples, chosen to represent the whole region
under study, was anal yzed for heavy and |ight minerals. Those
mnerals and classes of rock fragments present in the study area,
and their relative abundances, are listed in Table 6.
Unidentifiable mnerals and rock fragments account for only 1 to
10% of the counted grains.

The heavy mnerals and rock fragnents (those with specific
gravity >2.85) fall into two major classes --netanorphic and
vol canic.  Metanorphic conponents occur as a |owconcentration
background (<10% over the entire area (Figure 10). Volcanic
conponents in the heavy mineral fractions domnate the region and
show a gradient away from the Al eutians and onto the continental
rise (Fig. 11). The heavy-mneral data are plotted on a ternary
di agram wi t h percentages of anphi bol es, pyroxenes, and volcanic-
rock fragments as end menbers. Sedinments from the Yukon and
Kuskokwi m Rivers were also analyzed and the results plotted on
the ternary diagram for a conparison. The rivers are potentia
sources of sedinment on the shelf and both rivers drain, in part,
met anor phic terrains.

The light mnerals and rock fragnments (those with a specific
gravity <2.85) include quartz, fel dspar, volcanic glass, volcanic
rock fragnents and non-vol canic rock fragnents. Relative
concentrations within the three-conponent system of feldspars,
quartz plus non-volcanic rock fragnents, and volcanic glass plus
vol canic rock fragnents are shown in Figure 12. Analysis of
sanples fromthe Yukon River are also plotted in Fig. 12 but
sanpl es from Kuskokwi m River sediments were not analyze-d for
light mnerals.
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TABLE D
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TABLE 5 cent.

SAMPLE Igggx EDIAN (Md)| MEAN (Mz ) JORTING (U) | KEWNESS (Skj | ‘URTOSIS (Kg)
NUMBER () (9)
76-G119 12 4,48 4.57 1.50 .0.22 1.27
76-Gl21 4 4. 64 4.75 1.51 0. 27 1.13
77-G14 5 6.56 6. 77 2.61 0.21 1.14
77-G16 13 511 5.18 2.65 0.11 1.43
77-G19 14 5.34 5. 48 2.69 0.17 1.32
77-G20 22 7.40 7.58 2.76 0.17 1.09
77-G22 30 7.08 7.30 2.74 0.19 1.13
77-G23 37 7.12 7.25 2.56 0.19 1.38
77-G24 38 7.36 7.61 2.84 0.19 0. 85
77-G25 38 7.12 7.24 2.90 0.12 0. 97
77-G26 75 6.23 6.51 2.35 0.30 1.19
77-G29 74 6.90 7.01 2.91 0.14 0.99
76-v2 55 2.58 2.59 0.76 0. 26 2.41
76-v3 67 2.75 2.75 0. 68 0.19 1.94
76-v4 66 2.59 2.66 0. 68 0. 36 1.79
76-v5 65 2.65 2.71 0.79 0. 38 2.10
76-V6 64 2.80 2.99 0.72 0. 48 3.34
76-v7 59 3.19 3.19 1.11 0.31 2.41
76~VS B84 2.14 z.13 V.43 U.14 2.22
76-V10 83 2.23 2.22 0. 44 0.09 4,58
76-v11 68 2.80 2.80 0. 66 0.1 1.66
76-v12 69 2.17 2.20 1.18 -0.03 3.13
76-vi4 60 3.00 2.94 0. 87 0.22 2.$36
76-V15 61 1.42 0.93 1.56 -0.32 0.51
76-V16 62 0. 45 0. 65 2.10 0. 36 1.07
76-vi7 63 2.64 2.73 0.64 0“50 2.11
76-v18 57 2.84 2.81 0. 64 0.06 1.33
76-v19 53 3.04 3.03 0.91 0.21 2.48
76-V21 51 2.93 2.90 0.09 0.21 2.42
76-v22 86 2.85 2. 86 0.97 0.29 2.63
76-v23 50 2.66 2.67 0.93 0.33 2.96
76-v24 87 1.87 1.61 1.57 -0.12 1.86
76-v25 49 1.68 1.43 1.78 -0.01 2.36
76-v26 88 1.96 1.60 1.33 -0.34 2.11
7G-v28 4 4. 66 4,83 1.48 0.29 1.08
76-v29 91 1.86 1.93 1.33 0.12 3.64
77-v4 89 1.79 1.49 1.23 -0.32 1.94
77-v6 2 3.22 3.25 0. 68 0. 49 5. 47
76-P3 26 5.02 5.06 1.75 0.17 1.56
76-P6 32 5.36 5.36 2.21 0.17 1.14
76-P7 55 5.13 5.14 1.69 0.15 1.16
76-P8 70 6. 46 6. 47 3.79 0. 05 1.32
76-P11 73 7.73 7.72 3.08 0. 06 0. 89
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TABLE 6

UNIVARIATE STATI STICS ON PERCENTACGES OF
HEAVY AND LI GHT M NERALS

AND CLASSES OF ROCK FRAGMENTS

' STANDARD

M NERAL M N MUM ‘ MAXI MUM MEAN DEVI ATI ON
v clinopyroxene 9.0 35.0 16.8 5.6
v orthopyroxene 5.0 19.0 11. 4 3.9
v vol canic rock fragnments 6.0 69.0 28.9 13.1
vV amphibote 2.0 24.0 15.1 5.4
V olivine 0 7.0 1.1 2.0
opagues 2+0 18,0 7.3 3.8
m chlorite 0 8.0 2.9 2.1
m epidote 0 7,0 2.8 1.8
m gar net 0 4.0 1.2 1.1
m met anor phi ¢ rock fragnments 0 8.0 3.3 2.2
plutonic rock fragments 0 6.0 1,7 1.6
fine-grained rock fragnents 0 8.0 3.1 2.2
quartz 0.3 25.6 15.1 7.0
f el dspar 1.6 50, 4 36,1 7.0
v vol cani ¢ glass 2.9 30.6 11.2 8.3
v vol canic rock fragnents 3*3 36.5 11.1 8.4
non-vol canic rock fragnents 4,1 34.8 19.7 7.5

volcanic origin .
met anor phic origin

n

H<
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M neral ogy of Clays

The occurrences and rel ati ve abundances of the major clay
mneral (chlorite, illite, smectite and vermculite, illite
crystallinity) and the expandabl e and non-expandabl e percentages
of m xed-|ayer clays were determ ned; the univariate statistics
for each clay mneral parameter are given in Table 7. Smectite
and vermculite are grouped together because of the difficulty of
di stinguishing one fromthe other on diffractogranms. This
grouping is reasonable because both clay mnerals are the result
of weathering of volcanic rocks (Biscaye, 1965). The aeria
distributions of illite and kaolinite show no distinct gradients
or concentrations. The distribution of snmectite plus vermculite
(Fig. 13) shows a northwest-trending band of values that are
greater than the nean. The highest values occur closest to the
Al eutians and decrease with a northwest-trending gradient
starting in the vicinity of Unimak Pass and Unimak Island. The
distribution of chlorite also shows a northwes’t-trendi ng band
(Fig. 14), of |ower-than-average values that nay be the result of
dilution within this zone by smectite plus vermculite. Chlorite
i's derived fron1|om+%rade met anor phic rocks and is comon in
marine sedinments in high latitudes (Biscaye, 1965).

Table 7. Univariate Statistics for the Relative Percentages
of Cay Mnerals

STANDARD
M NERAL M N MUM MAXI MUM  MEAN DEVI ATI ON
smectite + vermiculite 13.0 57.5 31.2 9.4
illite 17.0 47.0 29.8 6.9
kaolinite 0 11.8 6.0 3.5
chlorite 24. 3 44,3 33.2 5.6

Distribution of Major, Mnor, and Trace El enents

The distribution of total carbon shows a strong negative
correlation with grain size (Fig. 15) throughout the region. For
exanpl e, concentrations of total carbon are highest in the fine-
grained central region of the St. George Basin and |owest in
regions where coarser-grained sand occurs. The sediments that we
investigated are al nost conpletely devoid of carbonate, and
therefore nost of the total carbon is organic-carbon that has
been absorbed by clay particles (Bader, 1963). A negative
correlation between organic-carbon and grain size is alnost
universally observed in non-carbonate, fine-grained sedinents in
marine and |acustrine environments because of absorption of
organic matter by clays (Trask, 1932; Van Straaten, 1954; Enery,
1960; Bordovskiy, 1965; Thomas, 1969; Kenp, 1971).

Values (wt. percent) for 32 elements are given in Table 8,
and summary statistics for each of 31 elenents in 103 sanples
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Table 8, Cruise s4-76. Values (in weight percent) for 32 elenments determned by X-ray fluorescence
{srRF or X), atomic absorption spectroscopy (aas or a), instrumental neutron
activation (n) , and enission spectroscopy (s) techniques.

0} ¢ INTERVAL 1 2 3 4 5 b 7 8 9 10
(cm S1 X-xrf Al Zexrf Ca %~xrf K %-xef Fe m=xrf Ti %=xrf S  Xexrf Mg Z-aase Nd %-aas Hg ppm-a
Gno2 - . . 4.0000 . . 0000 . . . 2.3100 .
15-20 26. 131300 7.0000 1. 0500 5 0. 7000 0.0200 1.5400 0. 0300
(10} 0-5 24. 0244 7.9282 4.6906 0.9747 5.6325 11.6475 0.1160 1. 4600 2.5600 0. 0400
€006 34 24. 0945 7.2772 4. 8357 1.0012 33315) 0.6583 0.0070 1. 5300 2.5300 0. 0300
cucs 7-15 31.7037 5.6672 2.1377 1.1643 . 0.3825 0. on6o 1. 24011 .2.4300 0. 0400
€009 4=5 26. 6231 6. 4410 4.0624 L. 02334 4.4519 0.5463 BS. 1210 1.1900 2. 4009 0.0300
Gh10 G5 30. 1006 6.4251 3.0603 1. 2005 3.1628 0, 4405 . 1300 0.9700 2. 3300 0.0500
Go11 13-18 28,9928 5.6630 2.8738 1.1947 3. 1495 0.4192 0. 1460 0. 9600 2.1100 53. 0400
ql12 4-5 26, 3335 5.7741 2.9310 1. 1540 3.1104 0.4109 0.1220 0. 9600 2. 1500 . %00
<013 14-19 28, 301% 5. 6206 2.9053 1.1756 «2160 0.4155 0.1100 1.0000 2.1700 0.0300
colg 4-5 20. #9n4 5.6577 2.8910 1.1947 3. 2565 0.4321 0.1410 1.0000 2. 0200 0. (3400
Guls 45 30, 4651 5.3190 2.5822 1.2411 2,9138 0.4261 0. 1410 0. 9800 2. 200 0. 0500
G015 7-9 27.0187 5.1724 2.4714 1.1158 2.9965 0.4310 0* 1300 0.9700 1.95éJ|3 0. 0500
G013 H=s 30. 1847 5.2719 2.2106 1.2760 2.4410 0. m7 0. 1540 0. 9300 1.96013 0. 2500
G018 4-5 31,3298 5.2835 2.2306 1.2677 2. 4067 0. 3809 0.06'30 f). s 1.9900 0. 0400
€019 0-3 29. 7640 $. 0956 2.3349 1. 2403 2.3865 0. 3482 0.1310 0.11500 1.8500 0.0300
€020 6-11 30. 6427 5. 5465 2.0126 1.2503 2. 3487 0.3435 0.1150 0.8700 2. 0400 0.0600
€021 4-5 32.5173 5.5677 2.2084 1.2760 2.2452 0.3575 0.1230 0. 8600 2.0400 0. oun
Gozt 4-5 30.6334 5. 2470 2.0419 1.2229 2. 3354 0. 3586 0.1070 0. 0 2.0300 0. 0400
co27 14-19 31.6617 4.9188 2.0955 .2710 2.2445 0. 3578 0.1630 0. 8900 1.8900 0.0300
cnrg ce 32. 6432 5. 1597 2.1034 1.2395 2.0165 0. 3667 0. 1200 0.7700 1.7990 0.0690
c029 4-5 31.6897 5.0623 2.0226 1. 208 2. 0308 0.3133 0.0570 0. 3400 1.9900 0.04 m
coz9 4-5 32,2272 5.5143 2.0991 1.2262 2.0871 0.3593 0.1170 0. 8400 1.3000 0. 0400
€032 6-11 31,4981 4.9993 1.9783 1. 2561 2.1759 0,3276 0. 1090 0. ono 1.8200 0. 03no
€033, 8-11 1. £167 4 5919 2.0934 1.2470 2.3375 0.3399 0. 0880 0. %900 2. 0000 0. 0400
€034 4-5 3?.8255 4.8749 2.1598 1.2210 2. 2557 0.3459 0.1180 0. 829 1. 9500 0.0300
014 4-5 32. 6432 5.4513 2.1834 1.2677 2. 2046 0.3693 0.0990 0.8000 1. 8400 0. 0400
cul6 2-7 31, 128 5.043s 2.0312 1.2096 2.2095 0. 30 0. 0830 0..8200 1, 8400 0. 0400
o4l 6-11 30. 4231 5.1115 2.1227 1.2378 2.5179 0.35'31 0. 1350 0. 8700 1. 8600 0. 0400
oL 0-1 25, 5301 5.1274 2.4514 1.1631 2.9250 0. 50 0.0780 0. 9900 1. 9400 0. 0400
Go43 0-6 28, 8386 5. 3454 2.3020 1.1872 2.9425 0.3927 0.250'3 0. 990 2.1100 0.0600
cose  11-16 25,3525 5. 430 2.5222 1. 1905 3. 4594 0. 412 0. 2n20 1.0600 2. 0000 0. 0400
G947 1.5 27.0531 5,8353 2.64013 1.1349 3. 10t 0. 4595 0.2340 1.1300 2.1100 0. 0400
€oLs 0-8 26,2071 6. 0493 2. 6094 1.1125 3.7077 0, 4558 0.1760 1.0900 2, 0000 0. 040n
C049 0-5 26. 3754 5. oo 2.9510 1.1133 3. 8769 0.4724 0. 1490 1. 1500 2.1700 0. 9400
C o 0-5 25. 6042 5.9911 2.8724 1.0342 3.7720 0. 4586 0 1690 1. 1000 2.1500 0.0500
€050 0-1 27.3195 6. 0387 3.3376 1. 0942 4.0070 0. 48 0. 1150 0. 9600 2. 4800 0.0.400
cu50 0-1 22.5567 5.1231 2.6351 0,9215 3.2286 0.3651 0.1030 1 15(J0 2.4700 0. nnoo
of e G MR BB pme om0 b e L Lo
PO 9-13 . . . . . . 0.2120 1.2300 . 0.0400
. 25.0573 5.917(3 3. 9566 1.0275 .4.6336 ). 9457 0.1730 1.2700 2.3200 0. 0300
gggz 8|3 25,7397 6.27( 111 3.9444 0. 9‘6)54 4.5876 0 5463 0. 2070 1.2400 2.4200 0.0500
€055 4.5 26, 8241 6.6844 3.4977 1.0651 3.9954 0.5163 0.1049 1.2300 2.6000 0.0500
<055 45 21.1372 6. 7850 3.5463 1.0776 4. 1357 0.5435 0. 1530 1.1700 2.2300 0.0400
anss 04 25, 5574 6.4198 2,304 1.0602 4.4750 0.5237 0.1200 1.1900 2.4100 0. 0400
58 - 26. 3614 6. 0364 3.4792 1.05460 4.2169 0. 5055 0.0730 1. 1900 2. 3500 0. 0400
LT I 26.0009 6.1101 2.9103 1,09%4 3.7329 0.4351 0. 1220 10800 2.2100 0. 0400
Lo 0-2 26. 0509 6.0753 2.6315 1.1492 3.6769 0.4272 0. 3550 1. 1300 2.3200 0. 0600
cnol 4-5 26. 9302 5.3295 2.6844 1.1291 3.4230 0.4294 0. 1650 1. 0400 1.9700 0. 0300
C062 0-5 23.6376 6.0070 2. 6287 1.1714 3.3559 0.4609 0.1720 1. 0500 2.1100 0. 0400

o6} 15-20 26. 7587 4.8590 2.2335 1.1316 3.1929 0. 4268 0. 2030 1.0990 2.0600 0. 0400

43
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Table 8 (Continued), Cruise s4-76

CORE  INTERVAL 1 2 3 4 5 6 T 8 9
! (cm S1 %-xcf Al %-xrf Ca Z-xrf K %-xrf Fe y-xrf T 2-xcf S Zexrf Mg %-aas Na %-aas
G064 6=5 29. 1050 5.1972 2,068 1.2071 2.(,256 0.3313 0. 1000 0. 8500 1.8900
60¢] 10-15 31. 2130 5.4936 2.2442 1.2403 2.4046 ). 3771 0.0%30 0. 8800 2.0300
G066 4-5 29. 3060 4. 13659 2.7023 1.2470 3 2859 0 3722 0.0s70 1.0900 1.9300
G067 5-10 30. 9325 5.2904 2.5493 1.2146 2.9866 0. 3440 0.1000 0. 9500 1.8300
€069 ce 30. 8437 54,7193 2.01(35 1. 2362 2 1326 0.3215 0.0710 0. 8200 1.7400
G070 0-1 2642632 6.3933 2, 0419 1.5716 3. gl 0.4244 0.4260 1. 3600 1.8100
G071 2-7 26. 3567 6.5574 1. 821 1. 6167 3.7930 0.4220 0. %0 1. 2300 1.7570
Q75 6-10 32.7133 4.6701 20169 1. 214(1 1.9612 0. 3150 0.0750 0. _rong 1,400
ca75 6-10 31. 9942 4.9188 1.9'326 1.2187 1. 9584 0.3375 0.1000 0. 79(30 1. 8200
G077 0-5 31.9393 5.1073 2.0926 1.2021 2.0906 0. 3043 0. 1220 0.8600 1.9000
€050 0-5 30. 2361 4.5336 2.0769 1.1332 2.2109 0.34183 0.1070 0. 9600 1. 60
C090 -4 23.6(?749 5. 0464 2,3221 1.1100 2. 7453 0.4318 [-1, 1m0 1.0500 1.9000
G091 0-1 29.679'3 4.9104 2.1613 1.1731 21,459 0.4101 0. 1570 1. 0500 2. 140
C105 10-15 27.2494 6. 1975 1.8382 1.8771 3.9441 0. 4496 0. 2500 1.4300 1.5600
5107 0-5 25, 9823 6. 2346 1, 79m 1.8273 4.0042 0.4437 0.4570 1.5500 1.6000
C109 3-3 31.9982 4.8172 2.5(743 1.2279 2.4263 0. 3363 0. 0410 0. 9nap 2. mo
cllo 4-5 30. 3576 5. 1385 2,4121 1.2138 2.7159 0. 3449 0.(") 610 0. 9400 1.58n0
G111 1-5 31,3208 5. 7106 2.5579 1.2353 2.57%5 0.3376 0.1500 0. 8900 2.1000
cl12 4-5 29.0341 3.4248 2.3957 1.2038 2.1,93 0. 3680 0. 1060 0. 8800 1.9700
Gl12 4-5 30. 6054 5. 7633 2,5372 1. 2046 2.4732 0.3200 0.0930 0. 8900 2.1000
G113 30 ?7. 0957 5.9541 2.7766 1.1590 2. 950 0.4289 0.1120 0. 9500 2.1100
cls 0-1 29. 3527 5. 4724 2.8917 1.1224 3. 1237 0.4095 0.0300 0.9(700 2.0790
GlLs 4-5 ' 24,1365 6.9543 4.4876 0.9614 5. 1018 -).5041 0. 15n0 1.1500 2.4500
Gl15 4-5 26, 7537 6. 0546 3.3705 1.0851 § 936% 3. 5008 0.2240 1.1100 2.2200
cl16 0-5 26, 5443 6.2981 2.9939 1.1075 2 . 4546 0.1360 1.0600 2.0800
cli? 0-1 26. 1837 5. 7157 3,5314 1.0635 4.0994 0. 4776 n.1210 1.1100 2. 3800
cits 6-11 26. 3099 6. 6897 3.1726 1.0967 3.9217 0.4708 0. 1o 1. 1500 2.3700
cl119 0-5 26. 2726 7.2454 3.9366 1.0344 4.691% 0, 5795 0.1700 1.2£00 2. 4000
Gi2n 4-5 26. 4595 6.4727 3.4649 1. 120 4.1308 0.5243 0. zm 1.2101 2.3400
G120 4-5 25,9641 6.3192 3.4277 1.1332 6.1260 0.522 0.13:0 1.2100 2.3700
Gl2i 0-5 21. 6032 7.0602 4.8928 0.8360 5.6143 0.5037 0. 2600 1. 0500 2.2500.,
w002 0-3 33. 6107 5.1485 1.9319 1.2118 2.0647 0. 3939 0.0730 0. 7400 1.6500
Y003 0-3 32, 3160 “)96%]6 1.7603 1.1706 1.7500 0. 2018 0.0360 0. 6600 1.6300
vong 0-3 31.3392 : 1. 7467 1.1847 1. w30 0 2901 0.0000 0. 7500 1.7000
Voo 7 0-3 31. 6477 4.6627 2.0098 1.2635 2.2431 0.3210 (3. 1570 0. noon 1.8000
vony 0-3. 30. 7549 4.5923 2.0305 1.2146 2. 1906 0.3301 0.1790 0. 8500 1.7500
yCo9 0-3 32,5506 3.9318 1.6924 1.1639 2. M4 0.2767 0. 0640 1.4200 1.5200
w il 0-3 31.5168 4.3399 2.1219 1.2129 2.5571 0.393 0. 1180 1.0600 1.7000
Y12 0-3 32.9564 3.9509 1.8060 1.1432 2.1:29 0.3100 0. 0630 1.0100 1.5500
vola 0-3 32.7920 5. 303 2.1470 1.2378 2.2927 0.1352 0.0760 0. 8400 1.9100
YOl 0-3 31,7411 4.5256 2.1343 1. 2669 2.2710 0. 3307 0.0710 0. 0300 1. 8000
vols 0-3 31,1756 5. 62 2.5872 1.2313 3.3720 0.4710 0.0830 1.5600 11230
vy 17 0-3 29.8108 5.2364 2.91160 1.1963 3. 0042 0. 5651 00400 2. 1400 1.8700
vors 0-3 30, 4838 5.0146 2.3192 1.2528 2. 7425 25 0. 1030 1. 3190 1. 7800
v018 0-3 32. 0590 4.7368 2.4214 1.2287 2.7397 3.433(3 0.1160 1.2800 1. 800
vor | 0-3 29. 8762 4.82039 2. 0133 1.2196 2.3772 ')559 0.9900 1.0700 1. 790
vo28 0-3 23.3934 6.9 332 5.0679 0. 3626 5.6290 0.5179 0. 1420 1.9400 2.5400
UK 3-8 24.7760 5. a2 3.3941 1.0419 3.9651 0. 4990 0.1220 1.0900 2.25009
rA0S 0-5 27. 2580 5.1305 2..4843 1.1614 3.4125 0.4364 0.1780 1.0700 2.1300
005 0-5 25,6743 5.5677 2,392 1.0934 3.3:138 0,4008 0. 1870 1. 0600 2.1700
PONG 6- 27.0999 5.2655 2.3821 1.0350 3.1279 0. 4065 0.1210 1. 0400 2.1000
P09 7 5. 0 23.9928 4.6223 2.2291 1 1202 2.5375 0.3770 0. 1260 1.0000 1.8400
PUOS 3-8 24,7629 6. 3775 1.6738 1. 7260 4.7281 0. 4518 0.54:0 L. 6000 1.0900
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Tabl e 8 (Continued) ,

INTERVAL

(en)

15- 20
0-5
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PROOCTUT 80 CAN &

d
o

QUOD
[

—

1
Li ppo=a

15. 0000
16. 0000
15. 0000
16. oo
17.(7009

20. 00w
22.0030
21. 0000
20. 0000
20. 0000
20,0009
20. 0002
20. 0000
20. Qouo
17.0000
18.0000
19.0000
19. 0000
19. 0000
18.0000
20. 0000
19. 0000
21. 0000
22,0000
23.0000
23.0000
22.0000
22.0000
21. 0000
21. 0000
19. 0000
20. 0000
20. o000
17.0000
13.0000
10. 0X0
19. 0000
2. Ugﬂﬂ
19. 0000
18.0000
20. 0000
22.0000
22.0000
22.0000
23.0000

12
b ppn-a

25.0000
20. 0000
25. 0000
23.0000
14. 0000
40. 0000
25. o000
30. 0000
25. 0000
35. 0000
41. 0noo
30. 0000
40. 0000
50. 0000
3(J . (1009
50. 0000
43.0000
35. 0000
45. 0000
43. 0000
48, 0000
39. 0000
45,0000
41,0000
44. 0000
45. 0000
40. 0000
35. 0000
40, 0000
35. 0000
60. 0000
43. ooon
38. 0000
35. 0000
33.0n00
31. 0000
25. 01300
20. 0000
35. 0000
20. 0000
14. 0300
28. 0000
25. 0000
33. 0000
36. 0000
33. 0000
45. 0000
30. 0000
40, 000D
35. 0000

Cruise S4-76

13
Zn ppn-a

116. oong
107. 0000
119. 0000
91. 0000
97. 0000
72. oo
71. 0000
71. 0000
83. 0000
79. 0000
77. 0900
82. 0000
70. 0000
68. 0000
65. 0000
63. 0000
63. 0000
63. 0000
62. 0000
50. 0000
58. 0000
58. 0000
58. 0000
63. 0000
57.0000
61. 0000
55. 0000
70. 0000
85. 0000
84. 0000
94,0000
101, 000D
100. 0000
107. 0000
98. 0000
102. 0000
115. 0000
106. 0000
*36. 0000
112. 0000
108. 0000
99. 0000
99, 000D
59,0000
101. 0000
93. 0000
9?2, 0000
108. 0000
o . 0000
102. 0000

14
As ppn-x

4. 0650
0. 000B
3.7730
6. 0230
4.5200
0.00008
0. 0000B
5. 3250
0 00093
5.9270
5. 6120
0. 0000p
6. 2890
0. 0000B
5.7190
0. 00008
6.0840
0. 000D
0. 0000B
0.000013
0. oonop
0. 0000B
0. 0000)3
0 0000B
4.6970
0. 60003
0. 0000B
5. 7260
4. 5660
0. 0000B
0.50000
6. 2650
0. 0000n
0 00008
0. 00007)
0. 00008
0 00008
Q. onooB
0. 07008
5. 1980
5. 3430
5.5940
0.000017
5. 7260
0. 00000
0. aonnB
0. 00008
6. 0480
0. 0000B
3.4840

15
Ge ppm-x

0.6618
0. onoos
1.4530
1.82 H0
1. 2590
0. oonop
0. 0009
1.5900
n. 0000w
1.4270
1.2730
0. ongop
1.6820
0. oooop
1.3830
0. 00008
1.68:0
O 0000B
0. 000013
0. 0000B
0. ON00B
0. 0000
n. 00008
0. 0060
1.4040
0. 00008
0. 0000B
1.4730
1.2820
0. 00003
0. 0000B
1.3220
O 00noB
0. 00003
0. 000011
0. 0oo0B
O 00008
0. 000NB
0. 000uB
1. 6690
14 860
1.5160
9. 0000B
1. 3850
0.0000B
O 0n0dB
0. 000011
1.2730
O 06008
0.8798

16
Sn ppn-x

0.4058

0. onnng
1.0250

1. 6030

1.38840

0.000013
0. 00008
1.0170

0.000011
1.0270

1.0980

O 00073
1.1570

0. 00008
1.7780

00008
. 9185

.00003
000
00008
00008
06008
00007)
00008
. 9374

000D
00003
1.1610

0. 8684

0. 0000
0. 0DOOB
0.7828

0. 00008
0. 0000B
0. 000CB
O 00008
0. 0000B
0. 0000B
0

2

1

Soooeoo000000

. 00008
.5160
.3530

0.3951

0. 000011

1. 1080

0. 0000B

Q0008

0. 00008

2.2650

0. 00003

0. 6366

17
B ppn~s

14. 0000
20, 0000
30. 0000
30. 0r0o
20, 0000
20, 0000
30. nouo

. 000
50. 0000
50. nooo
50. onng
50, 0000
30. 0000
30 ). VUBY
50. 0000
30. 0000
30. 0000
30. 0000
30. 0000
20. onoo
30. 0000
30. 0noo
30. onoo
30. 0000
30. 0000
20. 0000
50. oono
30. 0000
70. 0000
50. 0000
50. nono
50. nnoo
50. 0000
50. 0000
30. 0000
30. 000D
50. 0000
3%, 0000
20. oo
50. 0000
19, 0000
30. ooon
30. 0000
30. 0noo
50. 0oon
30. 0000
30. 0000
70. 0000
in, 0000
50. oono

18
Ba ppm-s

500. 0000
300. 0000
500, 0000
500. 0noo
500. 0000
700, 0000
700. 0000
500, 0000
500. 0000
500. 0000
700. 0000
700. 0000
700. 0000
JUU,. WuLY
700. 0000
500. 0000
700. 0000
700, 0000
700, 0000
500. 0000
700. 0000
700. 0000
700. 0000
500. 0000
700, 0000
500. 0000
700. 0000
700. 0000
700. onno
500. 0000
500. 0000
500. 0000
500. onoo
500. 0noo
500. 0000
500. 0000
500. 0000
500. 0000
500. 0000
500. 0000
500. oono
500. 0000
500. 0( 100
500. 0000
500.0000
500. 0000
5(-10. 0000
500. 0000
500. 0000
700. 0000

19
Co ppm-s

15. 0000
20.0000
15.0000
15, 000
15. 0000

7.0000
10. o000
7.0000
19 0000
. 0000
10. 0000
7.0000
10. 6009
10. 0000
7.0000
7.0000
7. 0noo
7. 0000
10. 0000
7. 0000
10. 0000
10. 0000
10. 0000
10.0000
10. 0009
10. 0000
15. 0000
10. 0000
15. 0000
15. 0000
15. (7000
15. 0000
15. 0000
15. 0000
15. 0000
15. 0000
15. 0000
15. 0000
10. 0000
10. 0(100
15. 0000
10. 0000
10. 0000

20

O ppn=s .

15.0090
20. 0000
70. oono
30. 0000
30. 0000
30. onno
50. 0000
50. onno
50. 0000
30. 00no
5(1. 0nog
106, 0000
30. 0002
70. 0900
50. 0000
30.0000
70. oono
50. 0000
50. (000
50. onno
50. 0ono
50. 0nN0D
50. 0000
30. gnon
50. 000N
70. 0noo
70. 0000
30. 0000
100, onno
50, 0n0n
50. nnog
50. onng
50. 0000
30. 0000
30, 00y
30. 0000
30. 0000
50. 0ngo
30. 0000
30. 000
50. 0000
30. 0000
30. 0000
30, 0000
30. 0000
30. 0000
50. 0000
50. 0000
50. 0000
50. 0000

bE
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Gl t

G064
COGS
GI66
X067
CC692
GN70
Gn71
GO75
G075
G077
G050
G090
[H)
C105
C107
clo9
Gllo
Gl

Gli2
Gl2
Cl13
Cila
GllS
GilS
Glt6
cllz
clts
G119
Gl2n
Gi20
clzt
wl!l
003
vNoo6
voo?
von 7
009
2011
voli2
vol4
w1 d
Voi5
vl
vol3
volsg
702§
9028
P0J3
roos
P0OS
POOG
PQ0O7
rINA

Tabl e 8(Continued),

[T LRVAL

(cm)

4=5
10-15
4-5

[ JNe,]
a5
=
[S)

N T
& O

1
CMUIOWWWWWWWWWWwWwWwWwWwWwwWwoIUILnol PP OIOIOTFP O CIOTOI0TE) Ul e e & U1 O g = N

—

w

[N

D=~
o

1

11
Li ppm-a

20. 0000
20. 0000
17.0000
16. 0000
13.0000
42.0000
44. 0000
17.0000
17.0000
20. 0000
20. 0000
21. 0000
0 1-1(JU0
43.9000
45, 0000
16. 0000
16. 0000
17.0000
13. 0000
17.0000
20,0000
19. 0000
18. 0000
19. (mo
20. 0000
13. 0000
20,0000
17.0000
19, 0090
1?.0000
17. 0600
15. 0000
16, 0000
16. 0000
18. 0000
19. 0000
16. 0000
16.0000
15, VOO
17. (000
18. 0000
16. 0000
13. 0000
13. 0000
16. 0000
18. Y10
16. 0000
19. 0000
22.0000
22.0000
23. 0000
21. 0000
48.0000

12
Rb ppm-a

43.0000
44,0000
30. 0000
45. 9000
40. 0000
70. 0900
33. nono
48. 0000
43.0000
36. 9000
40. 0009
30. 0090
40. 0000
65. 0000
75. 0000
43.0000
43, 0000
40. 0000
35. 0000
25. 0NNQ
33.0000
14. 0000
30. 0noo
29. 0000
40. 0000
14,0000
25. 0000
25. 0ono
25. 0000
35. 0000
25. 0000
40. 0000
35. 0000
45. 0000
35. 0000
45. 0000
48. 0000
30. 0000
30. 0000
38. 0000
40. 0090
44, 0000
33. 0000
40. 0000
43.0000
40. 0000
23.0000
14. 0000
25. 0000
35. 0000
40. 0000
45. 0000
90. 0000

Cruise S4-76
13 14
Zn ppn-a As ppm=-x
68. 0000 4.2730
69. 0000 0. Goonp
73. 0000 4.9450
72.0000 0. ANNNB
58, 0(700 O onop
111. 0000 3. 5490
118. 0000 0. gonnp
55. 0000 Q. 0noonp
59. Quoo 0. 00ONOR
62. 0000 4. 0650
72.0000 0. oonos
79. 0000 0, 00008
79. ooug 4.0490
134, 0000 10. 5300
14 0. 0000 13. 3100
57.0000 0. ounoB
60, 0000 4. 9950
66. 0000 0. 0000B
66. 0000 4.0130
65. 0000 0. 000D
82 . 0000 5. 6080
82.0000 3. 8160
97. 0000 4,8970
104. 0000 0. oooop
90. anoo 0. 00006
110. 0000 0. onnop
97.0000 0. 00POOD
99. 00n0 0. 0000
100. 0000 0. 0000B
108, 0oon O, nouns
102. 0000 0. 0000D
45. 0000 5.1910
45. 0000 5.4190
46. 0000 6. 3539
59. 0000 0. 0000B
113. 0000 0. 0UOUB
55. 0000 0. 0000B
55. 0000 6. 7000
48. 0009 6. 9340
61, 0000 5.2570
53.0000 0. 00008
63. 0000 0.000011
71. 0000 5. 6390
63. 0000 5. 5590
62. 0000 0. 0000B
58, 0NOQ 3.4330
102. U910 0. N0N08
102.0[)00 0. 0000B
109, 0000 0. 06608
97.0000 0. 0INUB
96. 0000 0. 0M00B
85. 0MUO O 00008
130. o000 8.3110

15
CC ppm—x

1. 3600
0. onuoB
1. 1A50
0. 0000R
0. MNOOB
13 1-110
0. 00008
0. 0000B
0. 000uR
1.4320
0. ooong
O 000nB
1,4280
1.6980
1, 6660
0. 0nn0g
1, 5620
0.000013
1.6690
0. 0NONB
1, 6280
1.3790
1.3140
0. onpon
0. 00008
0. 00008
0. 00008
0. 00008
0. 00N%D
O 00908
O 00008
1.6670
1. 3980
1.5700
0, 00008
0.000071
0. ovane
1.4220
1.4350
1.0520
0. 0000B
0. 0000B
1.5530
1.4630
0, 0nnoR
1.0590
0. 0nnop
0. 009CB
0. 00NCB
0. 00003
0. H000R
0. 0nnon
1. 4770

16
Sn ppu-x

0.5734
0. 0npos
1.0010
0.0000B
0.000071
0.975?
0. 00008
0. ©onoB
0. 000D
O 7464
0. 00008
0. 00009
0.7971
1.4940
1. 4360
0. 0o00R
1.0920
0. 00008
0. Ri6A
0. 00003
1.3620
1.4470
1.2440
QO 00008
0. 00008
0. 00008
0. 000nB
U 00108
0. o0onoB
0. 00008
0. 00006
1.0290
0.5711
0. 9,25
0. 00006
0. oopoB
O ovnos
0.6229
1.3300
1. 1620
0.000011
n. 06008
0. 4603
. 0490
0. o0noom
0.6202
0. 00NNR
0. annor
0. 00Ut
0. vouon
0. 0C0Y
0. 0N0NON
1. 4390

17
B ppm-s

30. 0000
30. 0000
50. 0000
50. 0000
30. 0000
50. 0000
50. 0000
3(J. 0000
30. Uooo
30. 00(10
50. 0000
50. 0000
50. 0000
70, 0000
50. 0000
50. 0000
20. 0000
30. 0000
50. 0000
50. 0000
sn, 0000
50. 0000
5(3. 0000
30. 0000
30. (mo
50. 0000
30. 0000
30. 0000
30. 0000
30. 0000
20. 0000
20.0(100
30. 0000
30. 0000
50. CQouo
30. 0o
50. 0000
30. 0000
50. 0000
20. 0000
50. 0000
30,0000
20. 0000
20. 0000
30. 0000
In, 0000
30. onoo
50. 0000
30. 0000
30. 0000
50. cono
70. 0000
30. 0000

18
Ba ppm-s

500. 0000
700. 0000
700. 0000
500. 0000
700. 0000
700. 0000
500. 0000
500. 0000
500. 0000
500. 0000
700. 0000
7(?0. 0000
700. 0000
700. 0000
1500. 0000
700. 0000
500. 0000
700. oono
700. 0000
590. 9000
500. 0000
70%. 0000
500. 0000
500. 0000
500. nooo
500. 0000
500. 0000
500. 0000
500. 0000
500. 0000
300. 0000
500. 0000
700. 0000
700. 0000
700. 0000
500. 0000
500. 0000
700. 0000
700. 0000
50, 1. 0000
500. 0000
500.0000
500. 0000
700. 0000
500. 0000
700. 0000
300. N00O
500. 0000
700. 0000
500. 0000
500, 0000
700. 0000
701). 0000

19
Co ppm-s

10. 0000
10. 0000
15. 0ong
15. 0000

7.0000
15. 0000
15. 0000

7.0000
10. 0000

7. 0000

7. 0000
10. 0000
10. 0000
15. 0000
15. 0000
10. 0nno

7.0000
19. 0000
10. 0000
10. 0000
10. 0000
10. 0000
15. 0000
15. 0000
10+ oonn
15. 0000
15. 0000
20. 0000
15. 0000
15. 0000
15. 0000

7.0000

7.0000

7. Quoo

7. 0000

7.0000
15. 0000
15,0000
10. 0000
10. 0000
7.0000
15. 0000
20. 0000
1 5. 0000
15. 0000
10. 0000
30. 0090
15. 0000
10, 0000
10. 0000
10. 0000
10. 0000
15.0000

20
o ppn-s

50. 0000
50. 0000
70. 0000
50. omnp
50. 0000
100. 0000
70. 0000
50. 0090
50. 0000
50. 0000
70. 0000
100, on(m
100. 070
100,0000
100. 0000
70. 0000
50. 0000
50. 0000
30. onon
50. 0000
30. 0000
70. 0000
30. 0000
30. Qoco
30, 1000
50, M00 N
30. 0000
30. 0000
50. 0nOn
30. 0000
30. 0000
70. 0000
200. 0000
50. 0000
50. G0OON
70. 0000
70. 0000
70. 0000
100. 0000
59, 000N
50. 0NNHY
150. 0000
150. 0000
70. oano
100, nnof
70. freon
30. nonn
50. 0090
50. 0000
50. 0000
50. 0000
100, 0000
70, (1000

Gt



8T¢

[KURA

¢ne2
GNAas
Goao
cong
Gon9
cnln
col 1
coi2
col3
Gnla
culs
G016
col3
Gnis
GoL?
G020
co21
Go21
ca27
Go2o
G029
G023
G032
c033
G034
@34
G036
Coh |
G642
G043
TuLG
G047
GC48
G049
GGa9
Gu50)
GO50
GU51
GO52
CaG53
CN54
G055
G055
G154
iss
G0
G051
GOn2
[pl¢lry]

Tabl e 8 (Continued)

INTLRYAL

(c)

15-20
J-5
3-4
7-15
A5
0-5

13-13
4=5

14-19
4-5
4-5
7-9
4-5
45
0-3
6-11
4-5
4-5

14-19
cC
4=5
h=5
6-11
8-13

=
AL
ol '—SH

1o OTOT b CAn =

§
<

VIO D VO _bbg

—

21
Cu ppri=s

70. 0000
70. 0000
70. 0000
50. 0000
70. 0COD
30. 0000
30. 0000
30. 0000
3n. 0900
0, 0000
20. 0000
30. 0000
20. 0000
30. 0000
15. 0000
15. 0000
15. 0000
15. 0000
15. 0000
15. o000
20. 0000
15. ooan
15. 0600
20, 0000
15. 0090
15. ou0o
15. 0000
20. 0000
3(J. nong
50. 0000
3n. 0000
50. 0000
50. 0000
70.0000
50. a6og
50. 0000
50. 0000
50. 0000
50. 0000
70. 0000
70. 0000
50. 0000
5U. 0000
50. 0000
50. 0000
50. 0000
50. 0000
50. 0000
50. 0000
50. 0000

22
Ga ppn-s

20, €000
20. 0000
15. 0000
20. Qouo
30. 0000
20. 0000
15. 0000
2n, 0900
2n. 0ono
15, 0000
20. 0000
20. 0noo
15. 0000
15. 0000
15. 0000
15. 0000
15. 0000
15. (3000
15. 0000
15. 0000
15. 0000
15,0000
15. 0000
15. 0000
15. 0000
15. 0000
20, 0NoO
15. 0090
20. 0000
2(J. on no
20. 0000
20. nooo
2n.  nooo
20. 0000
20. 0000
20. 0000
20. 0000
20. 0900
20. 0000
20. 0000
30. 0000
20. 0000
20, Q000
20. onoo
30. nooo
20. (oo
20. 0000
20. 0000
20. 0000
15. 0000

Cruise S4-76

23
Mn ppn-s

700. 0000
701 . oy
700. 0000
700. 0000
700. 0000
700. 0000
500. 0000
500. 0000
500. ©0no
500, 0000
500. 0000
500. onoo
3nn. 0000
300. 0000
500. 0000
500, 0n00
500. 0000
5LJ0 . 0000
300. 0000
500. 0000
500. 0000
500. oono
300. 0000
500. 0090
500. 0000
700. onno
500. 0000
500. 0000
500. 0000
500. 0000
500. 0000
500. 0000
500. nooo
700. 0000
5on. 0000
700. 0000
500. 0onp
700 . 0003
500. 0000
700. 0000
700. onno
700. onon
500, 0000
500. 0000
700. 0000
500. 0000
500, 0000
500. 0000
500. 0000
500. 0000

24
Hi ppm-s

15.0000
10. 0000
15.0000
15, 0000
15.0000
15. 0000
15.00,00
15. 0000
20. 0000
15.01)90
30. onoo
15. 0000
15. 0000
20. 0000
30. 0000
20. 0000
20. Quoo
15. 0000
20. 0000
15. 0000
20. 0000
20. 0000
20. 0000
20. 0000
3n. 0000
15. 0000
20. 0000
20, 0000
20. 0000
2n. onoo
30. 0000
20. 0000
20. 00ng
15. 0000
15. 0000
15. 0000
15. 0000
20. 0nno
10. 0000
15.0( 100
15. 0000
15, 0000
20. onoo
15. 0009
15. 0000
15. 0000
15. 0000
30. 0000
15. onoo
15. 0000

25
Sc ppm-3

20. nnoo
20. 0000
30. 0ono
20. 0000
20. 0000
15. 0000
15. 0000
15. 0000
1'5. nono
15, €000
15, 0000
15.0000
10. 0000
15.0000
15.0000
15.0000
10. 0000
15. 0000
in. 0000
15.0000
15, 0000
15. 0000
10. 0000
15. 0000
15. 0000
15. 0000
15. 0000
15,9000
15.00 [)0
15. (1000
15. 0000
15. onon
20. 0oan
15,0000
15. 0o
20. 0000
15. 0000
20. 0000
20. 0000
20. onoo
30. nooo
20, 0000
20. oo
20. Q90
20. 0000
15. 0000
20. 0000
15. 0000
15. 0000
15. 0000

26
Sr ppm~s

500. 0000
500. 0000
700. 0N0O
500. oono
500. 0000
500. 0000
500. 0000
500. 0000
509. 0000
300, 0000
300. 0000
500. onoo
300.0000
300.00 o0
300, 0000
200. 0000
300. 0000
300, 0000
300. 0000
200. 000U
300. Qoao
300. 06000
300, G000
200. 0000
300. 0000
300. 0000
300. 0000
300. 0000
5no0. nnoo
300.0000
300. 0000
300, 0009
500. 0000
300. 0000
3no. 0000
500. 0000
500. 0000
500. 0000
300. 0000
500. 0000
700. 0000
500. 0000
500. 0000
500,0000
500. 0000
300. 0000
300. 0000
500. 0000
300. 0000
300. 9000

27
V ppn=-8

150,0000
200.0000
300. nono
Z200. 0000
200. nnno
150 . 0000
150. 0000
100, 0000
1 50. 0000
100, 0000
150. 0[ 100
150. 0000

70. 0090
100. 0000
150. nnoo
100, Q000

70. 0000
100. 0000
100. 0000

70. 0000

70. Qnoo

70. 0000
100. 0000

70. 0000
100, 0000
100. 0000

70. 0000
100. 0000
150. 0ngo
100. 0000
150. 0noo
150. 0000
150. 0000
150. 0000
150. 0009
150. onoo
200,0000
200, ONO0
150. 0000
200. onoo
200, 0000
200. 0000
200 . 0(100
2G0, 00N0
200. 0000
150. 0000
150, oon
150, 000D
150. 0000
150. 0000

28
Y ppm-s

30,
50.
30

0000
0000
0000

30. 000N
20, 0000
20. 0200

30
30.

30.

30.

20.

30
20
20

20.
20.
20.

20
20
30.
15.
15.
20
15.

0000
0000
0000
Q900
0009
0000
0000
0000
0000
0noo
Quoo
0000
0000
0000
0000
0000
0000
0000

15. 0000

20.

20.

20.

20
30

20.

30.
30.

30.

30.
30.

50.

30.
30.
30.
30

30.
3n.
30.
30.
30.
30.
30.
20.

30.

0000
0000
0000
0000
0000
0000
0000
0000
0000
0noo
0000
9000
0000
0000
0009
0000
onoo
0000
0000
onoo
onon
anno
0000
nog
0000

29
Yb ppn-s

3. 0000
5. oono
5.0000
3. 0000
3. 0000
3. 0002
3.0000
3.0000
3.0000
3. on M0
3.0000
3.0000
3.0000
2.0000
3. 0000
2.0000
3. onoo
3. 0000
3. onoo
3.0000
1. 5000
2.0000
3. 0000
1.5000
2.0000
2. 0000
2.0000
3. 0000
3.0000
3.0000
2.0000
3. 1000
3.0000
3.0000
3.0000
3.0000
5.0000
5. 0000
3.0000
3.0000
3.0000
3.0000
3.0000
3.9000
3.0000
3.0000
3.0000
3. 0000
3. 0noo
3.0000

30
2Zr ppm=-8

70. 0n0o
100. 0000
70. 0000
70. nooo
100. 0000
70. 09no
100, 00950
100. 0000
100. 0000
1510, 00no
10C. 0000
150. 0000
100. 0000
200. 0000
130. 0000
70.0000
M. 0000
100. 0000
100. 0000
150.0000
100. onno
70. 0000
100. 0000
70. onon
100. o000
70. nooo
70. 0000
150. 0090
100, 0000
200, 0OV0
100.0000
100. OOW
110, 9000
100. 00N0
100,0000
n. 00 00
70. 0noo
100. 00no
150. 0000
100, 0000
70. 0000
100. 0000
100.0000
1 00, 0000
70. anoa
100.0000
70. nnoo
100. nono
100. qanng
7n. 0000

9¢



6TC

con T

G064
G065
(181
cq,7

c069
GN70
G071
Go75
co75
G977
G030
GOS0
G021
CloH
Gclo7
C109
c110
Glil

Gll2
Gii2
G113
Gllg
GL15
G115
Cllé
cli17
cli8
G119
G120
Gl20
clz1

V02
Y003
vnno6
voo7
von7?
Y009
voil
voi2
vol4
vola
VolsS
volL?
vois
volg
vo2i

V023
F0)3
rons
Pons
PO0O
P0Q7
rouosg

Tabl e 8 (Continued)

INTLIVAL

(en)
45
10-15
(D-S
5-10
cc
0-1
2-7
6-10
6~19
0-5
0-5
2-4
0-1
10-15

e
© U101 GO & e

POPREPOPOO R POL A
[N

CTUITOWiWwWWWWWWWwwWwWwWwWwWwwwWwUIUITIul— = ol ol —

PP PP PPPPOPPPOOPOOORe
o

]
(]

21
Cu ppin-s

20. 0000
20, 0000
30. 0000
20. 0000
15. 0000
50. 0000
50. 0000
15. 0000
15. 0000
15. 0000
2(J. 0000
30. 0000
20. 0000
70. 0000
70. Un-w
30. 0000
15. 0000
30. 0000
20. 0000
20. 000
50. 9000
5(J. eoon
50. 0000
50. 0000
50. 0000
70. 0700
50, 0000
70. 0000
70. 0000
50. 0000
70. 0000
7. 0000
7.0[)00
7.0(300
15. 0000
20. 0000
7.0000
15. 0000
10. 0(100
15. 0000
15. 0000
15. 0000
20. 0000
15. 0000
15. 0000
15. 0000
100. 0000
70. 0000
50. 0000
50. 0009
50. 0000
30. 0000
50. 0000

22
Ca ppu-s

15. 0000
15. 0000
15. 0000
15. 0000
15.1n 000
20.(). 000
30. 00V0
15.01) 00
15. 0000
15. 0000
15. 0000
15. 0000
15. 0000
30. 0000
20. 0000
15. 0000
15. 0000
20. 0030
15. 0009
15. 0000
20. 0000
15. 0u00
15. 0000
20. 0090
20. X700
20. 000" 3
15. 0000
20. 0000
20. 0000
15. 0000
20. 0uno
15. 0000
15. 0000
1n. 0030
15. 0000
15. 0000
15. 0000
15. 0000
10. 0000
15. NOOO
15. 0000
1 5.0000
20, 000(7
15. 0000
15. 0000
15. 0000
20. 0000
20. 0GOO
15.0000
15. 0000
20. 0000
15. 0000
20. 0000

Cruise S4-76

23
lHn ppm-s

500. 0000
500. 0000
700. 0000
700. 0000
300. 0000
500. 0000
500. 0000
500, 0000
500. @nun
5U0. 0000
500. unoo
300. 0000
500. o000
500.0000
300, 0000
500. 0000
5U0. 0000
500. 0000
500. 0000
500. 0000
700. 0000
500. 0000
500.00&-70
500.0 [100
500. 0000
500. 0000
700. om0
700. 0000
700. 0000
700. 0000
700. 0000
500. 0[ 100
300. 0100
300. 0000
300. 0000
300. 0000
500. 0000
300. w00
300. 0000
500. 0000
300, 0000
500. 0000
500. 0000
300. 0000
500. nnoo
300. 0000
700. 0000
700. 0000
500. 0000
50N 000G
500. 0000
500. 0000
500. 0000

24
Hi ppm-s

15. 0000
20. 0000
30. 0000
15. 0000
15. 0nno
20. 0000
20. 0000
20. 0000
20. 0000
20. 0000
20. 0000
30. 0000
30. 0000
50. 0000
5(1. 0000
15. 0000
15. 0000
15,0000
15. 0000
15. 0000
15. 0000
15. 0000
15. 0000
15. 0000
15+ 0000
15. 0000
15. 0000
15. 0000
20. 0G0
15. vUv0
15. 0000
15. 0300
15. 0000
15. 0000
15. €0oD
20. 0000
50. 0000
30. 0090
30. 0000
20, 0000
30. 0000
50. 00no
150, 0000
50. onon
30. 0000
30. 0000
70. 0000
15. 0000
20. 0000
15. 0o0g
20. 0000
30. 0000
30. nonn

25

5S¢ ppu-s

15.0000
15.0000
15. 0000
15. 0000
10. 0000
| 5.0000
15. w00
10. 0000
15.0090
15. cooo
10. 0000
15.0000
15.0000
15. 0000
15, 0NOO
15. 0000
15.0000
15. oo
15.0000
15.0000
15. 0000
| 5.0000
| 5.0000
15. 00ng
15.0000

7

10. 11000
0. 00N0

7.0000
10,0000
10. 0000
15. 0000
19. 0000
15.(1000
15. 0000
15. 0009
15, 1000
10. 0000
30, 0000
20. oono
15.01)00
15, UD00
15. 00no
15. 0000
15. 0000

26
Sr ppm-s

300. qonn
300. Quoo
500.0000
20[) . 0w0g
200. 0000
3(JU . 0000
300. 0000
200. 0009
3(10. 0000
300. 0000
300. 0000
500.0000
500. 0000
200. 0000
300. 0000
300, COno
300. 0000
300. 0000
300. 0000
3n0. 0000
300. 0000
500. 000o
500. QODQ
500. 0000
300. 0000
500. 0000
300, 0N0OO
500. 90no
700. 0V0O
S00. 0000
500. 0000
200. 0000
200, 0000
200. 0000
300. 0000
3N9. DONo
200. 0009
500. noon
300. 0000
300 0000
300. gono
300. 0000
300. 0000
300. 0000

300. o000
3nn. 0o
500, 0NOO
s0u. 0000
s0n. 0000
300, 0000
500. 0000
500. 0000
200. 0000

27
V  ppr=g

100. 0000
150. 0000
150. 0000
100. 0000
100. 0000
200.0000
150, 00 )go

70. o0nun
100. 0000
100. o 1y
190, 0000
100. 0000
150. 0000
150. 0000
200. 0000
100. 0000
100. 0000
150. 0000
150. 0000
150. 9000
150. 0000
150. 0000
150. 0009
159,0000
150. 0000
20U. 0000
150. 0000
200. 0000
200. 0000
150. [1000
200. 01100

70. 0000

70. 0000

70. Uooo
100. 0000

70. 0000

70. 0000
100. 0000
1 00. ‘00a0
100. 0000

70. 0000
150. 0009
1 00. goon
150. 0000
150. 0000
100, 0000
200. ncoo
200. 0000
150. 0000
150. 0000
15 0. 000D
150.0000
200, 0000

23
Y ppu-s8

30, 0000
20. 0000
20. 0000
20. 0000
20. 0009
30. Quoo
30. 0000
1 5. onoo
15. 0000
30. oono
20, 0000
30. onng
20. 0000
20. 0000
30. 0000
20. 0000
20. 0000
20, 0000
20. 0000
20. 0000
30. 0000
20, 0000
30. 0000
30. 0000
30. 0000
30. 0000
30. 0000
30. 0000
30. 0000
30. 0000
30. 0000
15. 0000
20. 0000
20. 0000
15. 0000
20. 0000
15, 0NO
20. 0000
15. 0000
20. 0000
15. 0000
20. 0000
15. 0000
20. 0000
15. 0000
20, 0000
20. 0noo
30. 0000
30. Quoo
30. 0900
30. ooap
20. 0000
30. 0000

29
Yb ppm-s

3.0000
3.0000
3.0000
2.0000
3.0000
3,0000
3. 0ouo
1.5000
2.0000
3.0000
3.0000
3.0000
3.0000
3.0000
3.0000
2.0000
3.0000
3.0000
3.0000
3.0000
3. 0000
3.0000
3.0000
3. 0000
3.0000
3.0000
3.0000
3.0000
5. 0000
3.0000
3.0000
2.0000
2. 0000
2.0000
2,000
3.0000
1.5000
3.0000
1.5000
2.0000
2.0000
3.0000
2.0000
3.0000
1. 5000
2.0000
3.0000
3. 0000
3.0000
3.0000
3. 0000
3.0000
3. 0000

30
Zr ppn-s

70. 0900
79. 0007
100. ©0o0
70. 0000

100. 0000
. U0

100. 0000
70. 0000
100. 0000
70. onco
100. 0000
150. 00ND
70. conn
100. 0000
100. 0000
100. onon
70. 2000
109. 0000
100. 0000
70, 0000
70. 0000
70. 0000
70. 0000
100. 0000
70. 0000
70. 0000
70, 0000
70. onoo
70. 0000
100. 0000
70. 0000
150. 0000
70. 0000
100.0000
100. o
70, 0000
150. 0000
70. 0ono
100. 00nO
100. 0000
70. 00N0
100. OOUO
1, 0000
70. 0000
100. 0000
100. 0000
70. 0000

I4%



ozze

Table 8 (Continued), Cruise s4-76

o L INTROVAL 31 32

- 3 32
c Th ppw~n U ppm-n GO L I";E:;‘)"‘L Th ppn-n U ppmn
con 1 5-20 1.49400 1.5300 G064 6=5 3.3600 2. 0500
C0o5 0-5 3. swo 1. 4600 G065 10- 15 1.9400 2. 3500
€006 3-4 5.1000 1.2300 GGG 4-5 . 9400 2.6100
Gous 7-15 1, * 3400 1.3800 C067 5-10 39 W 1.6600
G009 4=5 1. 9400 1. 9200 G069 cc 3. 6500 1. 6800
Gnln 0-5 1. 9400 2.2200 G070 0-1 6. 6500 2.91 [)0
Gol 1 13-18 1.9400 1. 9700 G071 2-7 7.7300 3.9490
G012 §-5 3.2300 1.6200 GO75 6-10 5, 7690 1. 6400
co13 14-19 5. 7800 1. 2400 Q75 Glo 4, 3600 1.9200
01 6 4-5 5. 7000 2.1600 G077 0-5 5.6700 2.0800
cuts 45 5.1 703 2.3100 G050 0-5 1. 9400 2. 5200
colo 7-9 1. 9400 2. 6400 c090 2=4 4, 5400 2. 6000
cola 4=5 4.9000 2.5900 G091 [ 4. 900U 2.0900
cnis 4-5 3,7800 2.6900 cli05 10- 15 75 1300 3.4000
co12 0-3 1.9400 2. 2600 clo7 0-5 6. 9903 2.8200
€020 6-11 4. 9400 2.0900 C109 3-8 4. 3000 1. 9000
co2l 4-5 5 310U 2.1900 Gl10 4-5 5. .46(J0 1. 8100
cocl 4-5 5.4700 2.1600 Gll1 1-5 4. 6600 2.0900
co2? 14-19 1.9 400 2.8700 Gli2 4-5 1.9400 2.0900
o 5 e 4.1709 1. 7700 Gl12 4-5 1. 9400 1. 9800
G029 4-5 4.7300 2.0900 cii3 3-8 3. 9400 1. 8200
c029 45 3, 9200 2.0300 Gll4 0-1 1.94 00 2.1000
G032 61 1 3.7500 2,2500 G115 4-5 1. 9400 2.1300
Cos3 0-13 3,3700 2.210-] cl1s 4-5 1.94(70 2.3500
CO34 4=5 5. 2600 1,8100 c116 0-5 5. 2500 2.0100
co34 6-5 1. 9400 2. 0800 cl17 0-1 1.9400 1. 9700
€036 2-1 4.5300 1.5760 cl18 6-11 1. 9400 2.4200
coat 6-11 1.9400 2.2600 cl119 0-s 1.9400 2.1900
co42 0-1 5.2700 2,0700 G120 4-5 1. 9400 2. 000
c043 0-6 5.5200 3.2900 clz20 4-5 1. 9400 2.5700
COA6  11-16 6. 4300 2. 4500 G121 0-5 1. 9400 1. o000
cu4? 4=5 1.9400 3.0200 v 002 0-3 3. 6600 1. 7600
048 0-8 /,. 4900 2.4000 7003 0-3 2.7700 1.5100
G049 0-5 1. 9600 2.7700 W06 0-3 4.9700 1.4700
Go49 0-5 1.9400 2. 4200 voo7 0-3 1. 9400 1700
cosu (-1 19400 2.9000 voor  0-3 3. 7600 1.6500
Ces0 0-1 1.9400 2.7300 v009 0-3 3.8300 1.3300
Gusl 6-11 1.9400 2.5300 voil 0-3 4. 8100 1.6700
co5o 9-13 1.9400 2.2600 vol2 0-3 2.8700 1.5200
cos3 0-1 5.1800 1. 8900 V014 0-3 4. S100 1.4200
GN54 0-3 L.9. 400 2.3100 volg 0-3 3.5700 1.4300
0S5 p 4.4100 2.2200 V(115 0-3 644609 1.4200
b 1. 9400 2.4700 v ) 4. 4400 14300
G055 4=5 voL7 0-3
GH56 1.9400 2 1200 V018 0_ 3 3 6400 1.7400
05 0-4
e 4,5000 1.7600 volg 0-3 4.2300 1.5900
€d3s  9=2 1. 9400 2. 4000 a0 | 03 2 2600 16900
€60 n-2 1. 9409 3. 6200 "(;"8 0-3 1. 9400 1.2100
cool bb 4.8200 2.5900 p0d3 3.8 6. 1600 2.2200
con2 0-5 1. 9400 2. 6500 05 0-5 1.9400 2.6600
Cond 15-20 1. 9400 2.1600 1005 0-5 1. 9400 3. 0m
P00G 6- 1. 9400 2. 3500
roo 7 50 1.94 00 2.3200
roos 3-8 6. 3700 3.8100
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Table 8 (Cont i nued) Cruise S6-77.

S6-77 data, seawater corrected

core | NTERVAL

(Cﬂ) Si X-xrf Al Y-xrf Cca X-xrf K Z-xrf Fe %-xet TL Z-xrf % S—swc % Mg-swc % Na-swc Hg ppm-a
VoS 0-4 24,7743 6. 8802 3.7164 0.83P? 6.9943 0.8393 0.0861 2.8748 2.5240 0. 0400
Vo6 34 24. 3069 ?2.9387 4.0737 0.7471 5. 3856 0.7194 0.1674 1. 8529 2.9218 0.0400
V06 -4 24. 3069 7. 4095 4,0023 0.7471 5. 2457 0.7194 0. 1674 1. 8649 2. 9960 0.0100
vo7 0-4 24,7763 7.9387 4, 2882 0. 8302 5.3156 0. 6595 0.0861 2.0907 2.8949 0.0300
G07 0-1 33. 6557 5.1337 1.5723 1.0792 1.8884 0.2998 0.0768 0.8410 2.0701 0. 0400
G12 [1-12 28.5138 6. 8802 1.3579 1.5773 3.5670 0.4196 0.1767 1.4501 2.0330 0. 0800
G12 11-12 28. 9813 7.4095 1. 2864 1.6603 3.5670 0.4796 0. 1767 1.5285 1.9588 0.0900
cl4 0-5 26. 6441 5.8217 2.7158 0.7471 3.6370 0.4196 0. 1559 1. 4146 2.3617 0.0100
Gl16 0-5 26. 1766 6.3510 3.0017 0.9132 4. 0566 0.4796 0.3116 1.5433 2. 7060 0. 0400
Gl19 0-5 26. 6441 6.3510 3.0017 0.7471 4. 0566 0.4796 0.1163 1.5801 2.5323 0.0100
G20 0-5 29. 4487 3.9164 1.5008 0.7471 2.3081 0.2998 0.1140 0.9804 2. 3467 0.0400
622 0-5 29, 4487 3.7576 1.5008 0.7471 2.1682 0.2998 0. 0489 0. 8685 1.9589 0.0100
c23 0-5 30. 3836 2.9638 1.3579 0.5811 1.8185 0.2398 0.0372 0. 8450 2.8138 0 oo
G24 83-5 28.5138 3.1755 1.1435 0.7471 1.9584 0.2398 -0.0953 0.9187 2.2489 0.0800
G25 -10 30. 3836 3.9693 1.3579 0.8302 2.0982 0.2998 0.2930 1.0762 3.2522 0.1200
c25 0-10 28.5138 3.9164 1. 2864 0.7471 2.0283 0.2398 0. 0605 0. 9750 2.6874 0. 0400
c26 0-5 27.1115 5.2925 2.1441 0.9132 3.2873 0.4196 0. 1745 1.3992 2.3890 0. 100
€29 0-5 28. 0464 4,3398 1.2864 0.8302 2. 4480 0.2998 0.3884 1.1358 2.7582 0.0300

CORE  INTERVAL

(Cﬂ) Li ppn-a Rb ppm~a Zn ppm-a As ppm~x Ge ppm-x Sn ppm-x B ppm-8 Ba ppu-8 Co ppm-8 Cr ppmx
Vo5 0-4 6. 0000 15.0000 135. 0000 14. 0000 1.6000 0.7000 20. 0000 300. 0000 30. 0000 50. 0030
V06 0-4 6. 0000 15. 0000 0.0000B 0.0000B 0.0000B 0.0000B 20.0000 500. 0000 30. 0000 20. 0000
V06 0-4 5.0000 15. 0000 107. 0000 4, 6000 1.2000 0.6000 20.0000 500. 0000 30. 0000 15.0000
Vo7 ()-4 5 o000 15. 0000 102. 0000 86. 0000 0. 2000L 0. 3000 15. 0000 500. 0000 30.0000 30. 0000
co7 1 7.0000 25.0000 56. 0000 4,9000 1.5000 1.3000 30. 0000 700. 0000 15. 0000 70. 0000
G12 11-12 20.0000 40.0000 121. 0000 4, 8000 0.6000 1.0000 70. 0000 700. 0000 20.0000 100. 0000
G12 11-12 21.0000 40. 0000 126. 0000 9.0000 1.3000 0. 8000 70.0000 700. 0000 20. 0000 70. 0000
G14 0-5 7.0000 15.0000 101. 0000 0.0000B 0. 0008 0.0000B 70.0000 500. 0000 20. 0000 30. 0000
c16 0-5 8.0000 15.0000 119. 0000 5.2000 1.0000 1.1000 70.0000 500. 0000 30.0000 30. 0000
G19 0-5 7.0000 15.0000 110. 0000 3. 4000 1.0000 0. 5000 70. 0000 700. 0000 30.0000 30. 0000
G20 -5 8. 0000 15.0000 95.0000 0.00008 0.00008 0.00008  150.0000  1000.0000 15. 0000 30. 0000
612 0-5 7.0000 15.0000 88.0000 0.0000R 0.0000B 0.00008  150.0000  1000. 0000 15.0000 30.0000
c23 0-5 6. 0000 10. 0000 0.0000B 0.00008 0.0000B 0.o00008  150.0000  1500.0000 15. 0000 30. 0000
G4 0-5 8. 0000 15. 0000 89. 0000 0.0000B 0.0000B 0.0000B  150.0000  1500.0000 15.0000 30. 0000
¢25 0- 10 7.0000 15. 0000 83.0000 0.0000B 0.0000B 0.00008  150.0000 700. 0000 15.0000 30. 0000
€25 0-10 8. 0000 15. 0000 84.0000 0.0000B 0.0000B 0 00008  150.0000 700. 0000 15. 0000 50. 0000
6 0-5 10. 0000 20.0000 105. 0000 0.00008 0.00008 0.0000B 70.0000 700. 0000 15.0000 50. 0000
€29 -5 10. 0000 20. 0000 99. 0000 0.0000B 0.0000B 0.00008  150.0000 700. 0000 15.0000 50. 0000

6€
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Tabl e 8 (Continued) , Cruise S6-77

S6-77 data, seawater corrected-continued

CORE I NTERVAL

(cm Cu ppm-8 Ga ppm-s8 Mn ppm-a Ni ppm-s Sc¢ ppm-s St ppm-s V ppm~8 Y ppm=8 Yb ppm-s Zr ppm-8
Vo5 0-4 20. 0000 50. 0000 700. 0000 30. 0000 30. 0000 300. 0000 300. 0000 50. 0000 5.0000 150. 0000
Y06 0-4 70. 0000 30.0000 1500. 0000 15.0000 30. 0000 700. 0000 300. 0000 50. 0000 5.0000 150. 0000
V06 0-6 70. 0000 30.0000 1500. 0000 15. 0000 30. 0000 700. 0000 150. 0000 50. 0000 5. 0000 150. 0000
Vo7 0-4 70. 0000 30.0000  1500. 0000 15.0000 70.0000 700. 0000 300. 0000 70. 0000 5.0000 150. 0000
Go7 0-1 15. 0000 20. 0000 300. 0000 30.0000 30. 0000 300. 0000 150. 0000 30. 0000 3.0000 200. 0000
Gci2 11-12 70.0000 30.0000 500. 0000 70. 0000 30. 0000 300. 0000 300. 0000 30. 0000 3.0000 150. 0000
G2 11-12 70.0000 30.0000 700. 0000 70.0000 30. 0000 300. 0000 150. 0000 30. 0000 3.0000 150. 0000
Gl 0-5 100. 0000 30.0000 700. 0000 50. 0000 30. 0000 300. 0000 200. 0000 30. 0000 3.0000 100. 0000
G16 0-5 150. 0000 30. 0000 700. 0000 30.0000 30. 0000 300. 0000 200. 0000 30. 0000 3.0000 150. 0000
G19 0-5 150. 0000 30.0000 700. 0000 30.0000 30. 0000 500. 0000 150. 0000 30. 0000 3.0000 100. 0000
620 0-5 100. 0000 10.0000  300.0000 50. 0000 30.0000  300.0000  150.0000 30. 0000 3.0000  100.0000
G2 0-5 100. 0000 15.0000 300. 0000 30. 0000 15.0000 300. 0000 150. 0000 15. 0000 2.0000 70. 0000
613 0-5 70. 0000 15.0000  300.0000 30. 0000 15.0000  200. 0000 70. 0000 15. 0000 1.5000  70.0000
o2 115 100. 0000 15.0000  300.0000 50. 0000 20.0000  300.0000  100.0000 20. 0000 2.0000 70. 0000
c2s 010 70. 0000 15.0000  500.0000 30.0000  20.0000  300.0000  150.0000 20. 0000 3.0000  70.0000
G25 0-10 70.0000 20. 0000 300. 0000 30. 0000 15,0000 300. 0000 150. 0000 20. 0000 2.0000 150. 0000
c2% 0-5 100. 0000 30.0000 700. 0000 30. 0000 30. 0000 300. 0000 150. 0000 30. 0000 3.0000 100. 0000
629 0.5 70. 0000 20.0000  300.0000 30. 0000 20.0000  300.0000  150.0000 30. 0000 3.0000  100. 0000

of
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Table B (Continued)

CORE

6030
6N31
6037
6037
6038
6039
6N40
6940
6072
6072
G078
61 79
6n31
6792
(-3
6094
G103
viné
v00s
voip
V019
vG20
V022
ve22
vn2l
vo2s
vo2s
PD1O
PN13

CORE

Q030
G031t
G037
6037
60138
G239
(12 X4]
[ Y]
6N72
6n 22
6078
G079
6031
6092
GNa9e
6794
6i03
vone
v0ns
N0
ve19
vezn
un22
vo22
v0?23
v0o23
vn2s
P00
Pot s

| NTERVAL
{em)

[
T T
(=2}

h
CLOLICOCOCDLICIIC~] ORI N g Ul we U101~

a7
oo

”
Oha

OOOOOOTO O PO IOOOO OoOr RO OO-ON M -

1097209
2527

1IN TERY AL
(cm)

L |

5 COOINN &=
oo

¥

N w

5000?909,\30 TOD>0a0 s

o

TS T T
- W WW WL i WO W~ wawmamMHl—\mm\l\luo
w

107- 109
25-27

oo

1
€Ca’l -8

3.0000
3. 000
3.0000
3. vong
3.0000
3.0000
3.0010
3.9000
5.0000
3. oo
3. G0N
3. oo
5.0n00
5. 0000
5.0u00
$.(NO0
5.0000
3. mnn
3.0100
3. 200
5, 000y
5.0000
3.0000
3.7
3.0000
5,000
5.0000
3. noun
5.000

1l
c* pprs

15, 9700
22,0000
15, 00U
15, onnn
20, DH0J)
30. 0000
15. U100
2%, 0490
Sh, 100N
50. (00
15,0000
15.00.00
30,0000
30,0000
20,0050
70,0000
20,3000
ih.nonn
15,000
19 onoy

G.Rnry
15.0n00
23,0090
[i. nony
15,0600
15,0007
20,0100
71). 00
100.0000

3.0000
2. 000
3.0000
2.0000
2.0000
3.0000
3.0000
3.0000
3.0000
2,090
2.0000
3.0000
3.9000
3.0000
2.00n0
2. 000
3.0n00
2,0000
2.0000
2. 0w
2.0000
3.0090
2.0000
3.00011
3.0000
2.0000
3.Cc0n0
2.0000
2.0000

12
Ga ppn-8

15.0000
15.0000"
15.0000
15. 0000
15. 0090
15. 0000
15 omn
I's. ooon
20. 0200
i5. 0000
15. oono
20, 9900
15 6600
15. nuno
n, 0NNg
20,0000
I 5. 5000
15. rMng
15. onon
19,0000
15. 0000
15.0000
15. DO0Q
20,000
15.01)110
15.0000
15.0000
20,0000
200000

84-76 Misce Seds, Pribi lof Isl

3

Fe z-m

5.0000
5. 0o
3. nane
3.0000
5. oy ¢
5. 0000
3.0000
). 0000
5,N000
s. 0000
3. aono
3.0000
5.0000
5.0000
5.0000
7.0000
7.0000
3.0000
3.(10(70
3. 00no
3,0009
3.0000
3.0000
5.0000
3.0000
5.0000
7.0000
5.001)0
5. 0o

13
i ppn-~s

30. 0ono
I 0000
20. 0000
15. onnn
20. 0040
IN.N000
20, 00PNO
2n, NOwo
50. 0000
50.0000
20, anon
20. n0On
30, 0000
n. anon
50.00M0
100, 0000
50, anog
15, noon
20. 0009
7n. anon
30,0000
30,0000
30,0000
3N, 0n00
30.01100
30. g0no
50,0000
30.0000
30.0000

4
L % -8

n. 00
Q. 3000
7. 5noo
0. 3o
0.3000
0. 3000
0. 37N
n. 3000
0. 50no
0.3000
0. 3noo
0.3000
n. 5000
0.5000
0.5000
0.7000
0. 5000
0.3009
. 3000
. 2000
.3000
5000
3000
3000
J0nn
5000
5000
3noo
n6n

osooococooco00

14
Sc ppir-s

15. 000
1$. o000
10. 0000
10. onno
15. onoo
15. 0000
1 5. moo
in. 0000
15. noe
[5 0noo
15. 0000
15. 0000
['5 nooo
15. 9000
15, 000
20. oo
15. nonog
10.n00n
10,0001
7.0000
I'5. noon
15. n0no
11,0000
15, 0000
15, 0000
15, 0090
15, nn9o
15,0000
15. 0000

5
g ~-a

1. 5nno
1. 5000
1.0000
1. 5nno
1. 5000
1. S0
1. 5000
1. 5000
2.0000
2.0000
1. 5000
1. 5000
2.0000
1. 5000
2, (00
5. 0000
2. ogoo
1. 0000
1. 5000
3. a0
| .5000
2,0000
1. 5000
2. 0npn
2.0100
1.5000
2.0000
1. 5000
1.5000

15
Sr ppm-s

500. 0000
500, 0000
500, 0000
3nn. 00LO
300. 00n0
510, 0000
500, 4000
390, 0000
500 . 0000
301, 0000
300, 0000
500, 0000
500, 0NON
son. nng
500, 0000
500, pono
500, 0000
500, 00N0
309, gnon
300, 9000
300, 000
SO0, 0009
300, annn
500, 0040
500. (000
500, 0010
5 m, 0060
s00, 0000
u0. 0000

6
Na Z -8

2.0000
3. 0000
2. 0ngn
3.0000
3. onon
3. 0000
3.0000
3. oonn
3. onoo
& nmm
3. 000D
3. e
5. A000
3. noon
3. anoo
2.0000
2.0000
3. 0000
3.0000
2.0000
3. 0000
3.0000
3. 0000
3. 0000
3. oono
2,9000
3,0000
5. onon
7.0000

16
V  ppm-s

100. gnon
100, 0000
100, 0000
70. 0000
100, 0N0O
1 50, noco
100, gong
70. 000y
1 50. oono
150. 0000
70. 0000
70, tnno
1 50, nono
150, nnoo
150. nooo
200, ©NN0
1500000
70. 9000
70. anon
N. 0000
70, NOND
1,10. 00u0
7%, 0(1(1(t
1 0. 0000
70, 0000
150, 0000
2 (m oong
150. annn
100. 0000

7
B ppm~s

30, onon
3. 0000
20, 0Dno
30. a0np
30. nnuo
50, 0ONNO
30. onoo
30, 0000
30, 0000
50. 0000
S0. 00U0
50. oo
70. 0000
50. gond
30. 0Nj0
30. rnmoo
70. 0000
50. onno
30,0000
30. 00O
30. onoo
30.0000
S0, 0000
50. 0000
30. non
30. anoo
50,0000
100. 0000
100, 0000

17
Y ppm-s

0. Moo
30, 0N0O
20,6000
213, pnoo
20, onon
30,0000
20, U0
20, 0000
30. norm
30, onn0
30, 0000
30. 0000
30, 000D
20, 0nod
30. agnan
30. ooy
30, 0000
20 anoo
15, onng
20, 0000
20, 0eno
30. nom
20, 0nNOn
30, 0000
20. N0
20, 0000
30, 0000
20, 0000
20. 0000

R
fa ppn-s

700, 0900
700, qonn
1000, gonn
700, 000D
700, 0000
700, AONO
1 onp. aoon
700, nCOOH
700, 0000
500, 0N0O
700, an00
700. onno
190, 0000
1000, 0000
700.0000
500. 0000
700. 0000
700, NNOO
50, 0000
500, anan
700.0000
100, 0NNG
500. 0000
700. o000
100. 0000
1 oon. 0o
700.0000
1000. 0000
1 eon. onoo

13
Yb ppn-3

3. 0nno
3. oo
3. nng
2.0000
3. twno
3. oo
3. 0000
3.0000
3. ungg
3. ama
3.7n00
3.0000
3.0900
3.0000
3.0000
3.0000
3.0000
2. 0000
2. oanp
2.0000
3, 60N
3. annn
3. 0000
3.0000
3. 0no
3.0000
3.0000
3. 00
3. 0o

9

Co ppo-s

lo. 0090
13,0000
7.0000
7. onno
0. nnan
in.noon
7.0000
17, n9an
15, 0000
15 oo
10, ongo
e 00un
10, 0000
10, 0N90
15. 0093
30. onap
15, onoo
7. 0090

7. noon
15. 0000
10, f000
10. anmp
10. annp
in.om
10. 0009
10. Ao
15. onon

10, onOC
1. D000

19
7t ppn=9

200, 0000
159. 0o
79. 0000
100. 0900
[SLEA L]
100, adOO
150, onun
9. 0000
150. ona
1 N0. pmiy
150,000
150. ¢n90
300, 0nQ
100, 000
200. 0000
150. 0) 00
0. o0no
100, n0no
100, ™00
10, 0000
1nn, naap
m, onoo
1 50, pago
70,0000
70,0000
70.0000
100. 0000
70. 0000
50.0000

1
Cr ppr-s

70. NNOO
10.0000
50. 00NO
$2.0070
30. onnn
1on. 0190
50. 0000
50,0000
100, 0009
0. 90
10. Guon
70. neoo
™, 000
70. 0090
100, 0000
1 5n. 0900
100.0000
70. r-moo
150, 0000
m. enng
0. onan
100, onno
70, eM0
100 1-We!
70. tuno
70,N000
100.0000
50. onon
30, 0000

Table 8 cruise ss-76
(semiquant. €M SSI ON
spectroscopy only)
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(including 18 analytical duplicates) are given in Table 9.
Skewness and kurtosis statistics, histograns of raw and log-
transformed data, chi-square tests, analysis of variance, and
correlation analysis indicate that the frequency distributions
for nost of the 31 elenments listed in Table 9 are nore closely
approxi mated by a lognormal than a normal distribution.
Consequently, all statistical analyses are based on log-
transfornmed data.

Estimates of the central and expected ranges of
concentrations of a particular elenment in outer continental shelf
sediments from the southern Bering Sea can be obtained using the
geonetric neans (GVM and geonetric deviations (GD) given in Table
9. The central range of a lognormal distribution is the range in
which approximately 68% of the population is estimated to occur
and is within the range of GM/GD to GMxGD. The expected range of
a lognormal population is the range in which approximately 95% of

the population is to occur, and is defined as the ratio
of GM/GD* to n is 8stimated
GMxGD~“.

A three-level, nested analysis of variance was perforned on
the 31 elenents in 103 sanples from St. George basin in order to
conpare the variances caused by anal ytical inprecision, wthin
station variability, and regional (between-station) variability

The statistical nodel used was: X,;ﬂ'k=,u+eu+6,;,' +£4;€'4.,

wher e Xzf&%s the k'"anal ytical determi nation of the“hsanple
fromthe it" station, A is the grand nean for the entire

popul ation, o gs the difference between the grand nean and the
mean for the it" station, @B;ys is the difference b%tmeen t he nean
for the it*% station and the fean analysis of the j P sample,

and Eijb i§ the error in the xt* deternination on the 3tP sample
from the ith station. There are 51 stations ( l<4¢St), and a

maxi mum of three sanples per station (is#<3), and a maxi num of

two replicate anal yses per sanmple (1k<2).

The conmputation of variance conponents at each of the three
levels within the sanpling design follows the techniques
described by Anderson and Bancroft (1952). Results of the
anal ysis of variance are presented in Table 10. The variance
conponents at each level are given as percentages of the total
| ogarithnmic variance. Those variance conponents that are
significantly different from zero at the 0.05 level of
probability are marked with an asterisk (*) in Table 10.

Table 10 shows that most of the geographic variability in
surface sedinents from St. George basin occurs anong sanpling
stations, with only a few elenents exhibiting significant
variability within stations. That is, chem cal analyses of cores
from the sane station tend to show simlar results, whereas
anal yses from different stations vary significantly. This
i ndi cates a conponent of conpositional variability on a scale of
greater than 50 km
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TABLE 9

Summary statistics for concentrations of major, minor, and trace elenents in 103
sanpl es or surface sedinents fromthe St. George Basin, Quter Continental shelf,
Sout hern Bering Sea. N refers to the total number of sanples, out of 103, which
contained measured el enment concentrations greater than the detection limt for
that element. For subsequent statistical analyses, values less than the detection
limt for a particular elenment were replaced by a value of 0.7 times the detection
l[imt (e.g., the detection Iimt for both B and ro is 20 ppm values <20 ppm were
replaced by 0.7 x 20 = 14 ppm). Analytical methods used are: (1) 6-step

sem quantitative optical emi ssion spectrogdcopy:; (2) -ray fluorescence; (3)

Atom ¢ Absorption spectrophotometry; (4) Neutron Activation Analysis.

1/ values for mg, Na, and S have been corrected for interstitial sea water
cont ai ning di ssol ved ug++, nat, and S04=.
) ) fficient (GM) {GD)
(oserved Arithmetic |Standard of Ceonetric rometr

El enent |Hetho Range Mean Devi ation siation (%)| e an wwiati R*
A (%) 2 3.9 - 7.9 5.6 0.79 14 5.5 1.15 103
ca (%) 2 1.7 - 5.1 2.7 0.76 28 2.6 1.29 103
H¥g (3)1/ 3 g.66- 2.1 1.1 .26 24 1.0 1.24 103
Fe (% 2 1.7 - 5.6 3.2 0.96 30 3.0 1.34 103
K (%) 2 0.84- 1.9 1.2 0.15 13 1.2 1.12 103
Si (%) 2 2 - 34 29 2.8 10 29 1.10 103
Na (%)1/ 3 1.5- 2.6 2.1 0. 26 12 2.0 1.14 103
Ti () 2 0.26- 0.70 0.42 0.084 20 0“.41 1.21 103
B (ppm) 1 <20 - 70 37 13 34 35 1.42 102
Ba (ppm) 1 300 - 1,500 580 141 24 570 1.24 103
Co (ppm) 1 7.() - 30 12 3.8 33 11 1.37 103
Cr (ppm) 1 15 - 200 55 29 52 S0 1.57 103
Cu (ppm) hl 7.0 - 100 36 21 58 30 1.92 103
G (ppm) 1 10 - 30 18 3.8 22 17 1.22 103
G (ppm) 2

Hg (ppm) 3 0.02- 0.11 0. 044 0.016 36 0.041 1.36 103
Li (ppm) 3 13 - 48 20 5.9 30 19 1.25 103
Mn (ppm) 1 300 - 700 520 124 24 500 1.30 103
N (ppm) 1 10 - 150 22 16 73 20 1.51 103
Rb (ppm) 3 <0 - 90 38 11 29 35 1.40 98
Sc {ppm) 1 7.0 - 30 15 3.9 26 15 1.29 103
Sn (ppm) 2

Sr (ppm) 1 200 - 700 370 120 33 350 1.39 103
V  (ppm) 1 70 - 300 140 46 33 130 1.42 103
Y (ppm) 1 15 - 50 25 6.8 28 24 1.32 103
Yb (ppm) 1 5-50 2.8 0.69 24 2.8 1.28 103
zn (ppm) 3 45 - 140 83 22 30 80 1.30 103
zZr (ppm) 1 70 - 200 94 27 29 91 1.29 103
U (ppm) 4 1.2 -39 2.2 0.54 25 2.1 1.27 103
Th (ppm) 4 - 1.7 3.5 1.6 46 3.2 1. 59 58
s (W1l | 2 0.007 - 0.55 0.14 0.08 57 0.12 1.80 103
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TABLE 10

Anal ysis of variance of surface sanple chemstry, St. CGeorge Basin
outer continental shelf, southern Bering Sea. Asterick (*) indicates
that a variance conponent is significantly different from zero at

the 0.05 probability level; vis the observed variance ratio.

See text for explanation.

vari ance conponents as
percentag: of total variance
Between
Tot al Bet ween Samples | Anal ytical
Logarithm c Shi p Within Error Vv
Element Vari ance Stations | Stations
Al 0.00393 52" o 18 I, 56
Ca 0.01269 88* 5 7 7933
Mg 0.00887 g7# 2% 1 2
Te 0.01641 Q0% 6% L 9.00
K 0.00292 88* 0 12 7933
Si 0.00192 7% 0 21 3.76
Na 0.004'0 93% 5% z L3
T3 0.00719 B7* 0 13 6.69
B 0,02336 30% i1 59 0.43
Ba 0.00906 32% 29 %8 0.47
co 0.0204'1 71 0 2,45
Cr 0.03900 gl 18 28 1.17
Cu 0.0B8124 Q0% ex 4 9.0
Ga 0.00763 L= L 6% 13 0.69
Ge
Hg 0.01758 50% 7 43 1.00
Li 0.00919 Q6% i % 2
in 0.01448 58% 0 4 1. 23
Ni 0.03239 59 14 27 1.
Rb 0.02168 Lo 28% 23 0.96
Sc 0.01352 62% 0 38 1.63
Sn
Sr 0.02053 Lox 37% 17 0.85
v 0.02323 oL L 22 2.85
Y 0.01427 s52% 22 26 1.08
Yb 0.01633 Lox 0 58 0.72
in 0.01633 82% 0 18 4.56
Zr 0.01254 16 .9 75 0.19
u 0. 01102 61% ?3* 6 1.56
Th 0.04"087 19 14y 3? 0.23
S _ 0. 03932 76* 0 24 3.17
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The significant variation anong stations for nost elenents
suggests that regional baselines for these elenents must be
descri bed bK maps based on station nmeans rather than by grand
means for the entire region. According to Connor et al. (1972;
see al so Miesch, 1976), data are adequate for constructing maps
when the variance anmong categories (stations in this study)
exceeds the error variance for the category means. Because only
one sanple was taken at nost stations and only one analysis was
made for nost sanples, the error variance for station neans is
simply the sum of the variances due to analysis and the variance
within stations (Table 10). The ratios of the variances anong
stations to the error variance are given as the variance ratio,
v, in Table 10.

The variance ratio, v, is a relative measure of the adequacy
of the sanpling design for construction of maps. \Were the ratio
is large, no additional sanpling is required to describe
conmposi tional differences anobng stations. \ere the ratio is
small, nore sanpling and (or) analytical work is required. Maps
of elenent concentration for selected elements with val ues of
v>1.0, the minimum suggested by Connor et al. (1972), are shown
in Figs. 16 through 25.

El enents that exhibit a concentration gradient decreasing
from southeast to northwest, simlar to the gradients observed in
the vol canic components of the |ight and heavy m neral fractions,
include a1, Ca, Mg, Fe, Na, Ti, Co, Cu, Mn, V, and zn. Mps of
concentration of Si and K exhibit an .increasing concentration
gradient in the sane southeast to northwest direction. Mps for
U S, and Li exhibit a bull's-eye pattern centered over St.

CGeorge basin, simlar to the pattern exhibited by maps of total-C
and grain size. Local concentrations of basaltic nmateria
contributed to the shelf fromthe pribilof |slands, suggested by
the distributions of heavy minerals, is further supported by
relatively high concentrations of Mg, Ti, Co, Cu, Cr, Ni, and V
in sedinents in the vicinity of the pribilof I|slands.

A @ node factor analysis was used to determ ne regional
groupi ngs of simlar sedinent based on all neasured conposition
variables, and to examne inter-relationships anpbng variables.

The data set used consisted of 50 conpositional variables that
include grain size, clay minerals, heavy and light mnerals, and
i norgani ¢ geochem stry of sedinments from 30 stations. The
comput er program used for the Qnode analysis was adapted from

t he CABFAC program of Xlovan and Inbrie (1971). A program option
was used to scale all variables to range from zero to one so that
those variables with larger means and variances would not
determ ne the outcomne. fter scaling, the program nornalizes the
data so that the sumof-squares of each row is unity. Rotated
princi pal conponent (variance) also was used.

W found that 90% of the variance in the scaled and row-
normal i zed data could be accounted for by only three factors.
Varimax | oadings for the 30 sanples on each of the three factors
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are listed in Table 11 and plotted in Figs. 26 through 28. These
| oadings can be thought of as conposite conpositional

vari abl es. In other words, the 50 conpositional variables used
as input to the Q node nodel have been reduced to 3 conposite
vari abl es, each expressin% sone conpositional attribute of the
sedi nents based on a synthesis of a number of measured

conmposi tional variables. However, the | oadings provide no

i ndications as to which conpositional variables were synthesized
into which factor (conposite variable). The factor |oadings were
treated as conposite conpositional variables in order to
determne the relative contributions of each variable to the o-
mode nodel, and correlation coefficients between the |oadings and
th& 50 gbserved variables were conputed. Results are given in
Table 12.

Tabl e 12 i ndicates that |oadings on factor 1 correlate
positively with Na, Ca, Ti, glass, volcanic rock fragnents, Sr,
V, M, cu, Fe, A, snectite and vermculite, Co, Y, 2zn, G,
clinopyroxene, and illite and kaolinite (i.e. factor 1 sanples
tend to be enriched in these conponents). Factor 1 |oadings
correlate negatively with Si, quartz, epidote, non-vol canic rock
fragments, illite, k-feldspar, Rb, Ba, k. garnet, and ortho-
pyroxene (i.e. factor 1 sanples tend to be depleted in these
conponents) . Therefore, the conpositional variables indicative
of mafic volcanic material have all been synthesized into “factor

l"‘

Figure 26 shows that sedinments with highest [|oadings for
factor 1 occur closest to the Aleutian |Islands. The distribution
of sediments with high loadings for factor 1 is thus a neasure of
the distribution of sedinents containing a relatively high 1nput
of volcanic material fromthe Al eutian Islands. The best
“indicator” variables for Al eutian andesite are Na, Ca, Ti,
gl ass, volcanic rock fragnments, Sr, V, and M in roughly that

order of inportance.

Sanples with highest |oadings for factor 2 tend to have
relatively high concentrations of Si, quartz, garnet, sand,
epidote, orthopyroxene, nmetanorphic rock fragments, k-feldspar,
and Ba. A map of sanple |oadings on factor 2 sedinents (Fig. 27)
i ndicates that these sedinents occur as a “background” over nost
of the outer shelf, except near the Al eutian |slands where they
are diluted by andesitic material. Sedinent sanples with high
| oadings on factor 2 tend to be coarser-grained, nore felsic,
mai nl and-derived materials that blanket nost of Bristol Bay shelf
(Sharma et al ., 1972). The best indicator variables for t%e
mai nl and conponent are si, quartz, garnet, sand, epidote,
ort hopyroxene, and netanorphic rock fragnents in roughly that
order of inportance.

The distribution of sedinent sanples wth high |oadings on
factor 3 (Fig. 28) reflects the distribution of finer-grai.ned,

hi gher-organi c sediments concentrated in a bull's-eye pattern in
the St. Geroge Basin, and at the head of Pribileof Canyon south of
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Table 11. Varimax factor |oadings for three factors used in the Q node
factor analysis of 50 variables in 30 sanples of sedinent
fromthe outer continental shelf, southern Bering Sea.

CORE COMM. FACTOR 1 FACTOR 2 FACTOR 3
G1l1 0.9080 0. 7587 0. 4796 0. 3201
Gl13 0. 9008 0. 5294 0.5074 0.6026
Gl6 0. 9392 0. 4767 0. 5685 0.6236
&0 0. 9240 0. 3783 0. 7593 0. 4521
Vo 3 0. 8658 0. 0877 0.9068 0.1894
\06 0. 9359 0. 0979 0.9325 0.2382
G4l 0. 8962 0. 3859 0. 6815 0. 5317
43 0. 9065 0. 3532 0. 5077 0.7238
(46 0. 8967 0. 3406 0. 4349 0.7691
G51 0. 9267 0. 6536 0.3418 0.6186
GS2 0.8598 0. 5680 0.3120 0.6632
X8 0. 9467 0. 8505 0. 3004 0. 3650
@5 0. 9506 0. 9386 0. 1507 0.2166
B4 0. 8910 0.7716 0.2190 0. 4976
*9 0.9276 0. 5470 0. 3312 0. 7202
G62 0.9134 0. 5844 0. 3052 0.6919
3 0. 9005 0. 4297 0. 4048 0. 7430
G65 0. 9308 0. 3972 0.7326 0. 4861
&7 0. 8358 0. 4346 0. 7347 0.3273
V18 0. 8028 0.4316 0. 7473 0.2410
V12 0. 8488 0.0976 0. 8758 0. 2687
Gl0 0. 9443 0. 3510 0. 8605 0. 2839
Gl1 0. 8869 0.4319 0.7022 0. 4552
Gl1 0.9474 0.6019 0.5320 0. 5496
G1O 0.7719 0.2832 0. 3057 0.7735
Po 7 0. 8830 0. 3248 0.5012 0. 7255
Gr7 0.9160 0.2168 0.7168 0. 5960
G75 0. 8905 0. 1695 0.8172 0. 4403
G71 0. 8705 0. 3085 0. 3183 0. 8210.
G12 0.9116 0. 8900 0. 0309 0. 3442

¢ Curul ative
Variance 25. 904 60. 168 89. 765

239



0%¢

172

162

88* |

(C)/sr PAUL ISLAND

PRIB I1LOF
Is¢L A*.' oy

18] lAND

84 -

%{>ST GEORGE

172° 170°

FACTOR | - ALEUTIANS - ALASKA
PENINSULA
NV =50
NS =30

[l >cs
FEose-0s
[ J<os

168°

—

164°

F'gure 26. Map of the distribution of factor loadings for Factor I, the

Aleutian-Alaska Peninsula factor.

54°

162°

89



142

162"

Ir2e ne. . 164" 164°
1A% J.UO FvAYS
FACTOR 2- MAI NLAND ALASKA
9 NV =50
T PAUL ISLAND 0‘* v The NS=-30
H 7 randn U @ >0.8
/ P23
AR iy \Rnaes bl Juns g p E 0.6-0.8
1 v b — . I — 0-
. 2 —— 2 0 6 l , <0.6

; (\’\ oot \\i[)/ 4
. ‘ D /‘nnmm lSLAN[?.r‘\-.:;\J
< ST
' \&;_",.,-"'
N \ . \ . UNIMAK PASS

~. e -

R s 0

/ . e T

84
- R O

Lg o 'l'] gf‘)lﬂ{‘
~ e, L . . ':‘9“] *3‘

o S

54°

N

N . N - N ‘g,f
o N prs -_50 : dd?%i‘m,‘,ﬁ'f
) F /'\ /d‘ Tt
PR g < o

—.;‘/\W/IM ] //;w"? YO
< A O 1 A 164
rr2¢ 170° Te8° 166°

5
—O

162

Figure 27. Map of the distribution of factor loadings for Factor ||,
the Alaska mainland factor.

65



[Ad4

Q 0 164°
‘73;\_ 170° 55" u'ae |
T

i':z'

FACTOR 3 -FINE GRAINED-

HIGH ORGANIC
NVs50 SEDIMENT
NS =30

[[ﬂ]>o.e
[ J

k,;, ST PAUL ISLAND

PRIBIL0F
L ]
I.S‘L.l..\'ps _

{/
N ST GEQRGE
N ISLANE
\ —
==
56¢
89

54

162*
170

]
' 164°
168° 166°

09



Table 12: correlation coefficients among factor |oadings for each of the
three factors used in the Q mde factor analysis and the 50 observed
conpositional and size variables. Correlation coefficients signifi-
cant at the 99% confidence level (r> [0.41] ) are indicated byan
asterick (*); correlation coefficients >| 0.60 | are indicated by a
dottuhe ds et ick 4%,

VARIABLES LOADINGS
factor 1 factor 2 factor 3
smectver 0.7007** - 0. 4660* -0.1331
illite -0.6214** 0. 4047* 0.0123
chlorite - 0. 4535* 0. 2027 0. 2483
cl i nopx O . 5492* -0.2751 -0.5591*
Oth Opx -0. 4779* 0. 6088** -0. 2799
Vol rx f 0.6894** -0.8223** 0. 2183
amphibol - 0. 4557* 0.4326* 0.2786
opaques 0. 0061 0. 3379 -0 5101*
chlorits -0.4332* 0. 0392 0.6708**
epi dote -0.6736** 0. 6454** -0. 1915
gar net - 0. 4902* 0. 7471** - 0. 4466*
met rx f -0.5803% 0. 5813 0. 0502
plutonic -0. 3946 0.2686 0.2886
fine gr -0.6321** 0.4728* 0. 0957
il klin 0.5297* -0. 2419 -0.0072
mean gz 0.1890 -0. 7059** 0. 8642**
% sand -0. 2569 0. 7249** -0.8970**
% Silt 0.3396 -0. 7147%* 0.8319**
s clay -0. 1139 -0.4238* 0.6854*%*
S (% -0.7361** 0.9612** - 0. 3606
Al (% 0. 7604** -0.8411** 0.2298
ca (% 0. 8870** -0.7124** -0. 1856
Fe (%) 0. 76$1** -0.9097** 0. 1764
K (%) - 0. 4992* 0.2073 0.3131
Ti (% 0.8559*% -0.8744%% 0.1581
B -0. 2959 -0.0078 0. 5395*
Ba (ppm) -0.5918* 0. 4403* 0.1044
Co (ppm) 0.6414** -0.7061** -0. 0122
Cr (ppm) -0.5604* 0. 3B94 -0. 1697
Cu (ppm) 0.7720** -0.9448** 0. 3035
Ga (ppm) 9. 5645* -0.7997** 0. 5064*
Hg (ppm) 0.2292 -0.5753*%* 0.4471*
Li (ppm) -0.1790 -0. 3222 0. 6532**
Mn “(ppm) 0.8021** -0. 6240** 0. 0521
Ni (ppm) -0. 3997 0.1359 0.1963
Rb. (ppm) -0.6067** 0. 2520 0. 3170
Sr (ppm) 0.B824B*% -0.6717** -0.0016
V  (ppm) 0.8171** - 0. 8584** 0. 1649
Y (ppm) 0.6112** -0.7218** 0. 3289
Yb (ppm) 0.6987%% -0. 6502** 0. 1952
2n (ppm) 0.5748%* -0.9095** 0. 5649*
U (ppm) -0. 0571 -0.3118 0. 8416**
T-C (%) 0.1606 -0.6109** 0. 8256**
Na (%) 0.9008** -0. 7325*%* 0. 0850
T-S (% 0. 1006 -0. 6207 0.6796**
v oquartz - 0. 8025** 0.8392%* -0. 0960
v K-spar -0.6196** 0.4688* 0. 1237
v gl ass 0.8384*+ -0.6712** -0.1790
% vol rx 0.8382%% -0.6673** -0. 2911
% nonvol -0. 6559** 0. 4082 0. 3993
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the pribilof |sl ands. Sanples with high |oadings on factor 3
tend to be finer grained and relatively rich in C U S, Li, and
B (Table 12).

Hydrocarbon Gas in Sedinments (Keith A Kvenvolden and George D.

Redden )

Studi es of hydrocarbon gases in near-surface sedinments of
the southern Bering shelf and slope were conducted during the
1976 and 1977 field seasons. The general objectives of this work
were (1) to determne the distribution of hydrocarbon gases in
surface and near-surface sedinments, and (2) to interpret possible
sources for the gas. During the 1976 season, 33 stations were
occu?ied where hydrocarbon gases were extracted from 108 sedi ment
sanpl es recovered fromgravity cores (maximum depth, 1.4 n), or
van Veen grabs. The stations were part of a network of 85
stations established to evaluate the general geology of the
sout hern Bering shelf between Unimak Island and the Pribilof
Islands including the area of the St. George basin. The gas
anaIYSis results fromthis season are summarized briefly here.
Smal | quantities of nethane (G ), ethane (C,), propane (C3), n-
but ane (n-C,), isobutane (i—C4}, ethene (G ;1) and propene (C5.;)
were found in all sanples. ¢C; was the mos ¢ albundant hydrocargon
havi ng an average concentration of about 5700 nL/L of wet
sediment.  The concentrations of ¢; usually increased slightly
with depth. The other hydrocarbon~gases were present at [ower
concentrations than nethane, and these gases showed no
identifiable trends with depth. No anomalous distribution or
concentrations of hydrocarbon gases were observed that woul d
suggest possible hydrocarbon seeps or potential hazards.

Between the 1976 and 1977 field seasons, exam nation of
mul ti-channel, seismic profiles across St. George basin indicated
the presence of a nunmber of acoustic anonalies where reflectors
abruptly termnate leaving regions of acoustic turbidity
begi nning at depths of about 200-300 m (Marlow, personal

comuni cati on) . Si ngl e-channel seismic records showed these sane
features, but they were not as well defined. The cause of these
anomalies is not known, but it is comonly assuned that they may
result from gas occupying a portion of the pore space. Al t hough

the features are deep, we reasoned that if hydrocarbon gases are
invol ved, these gases may leak to the surface, giving rise to
anomal ous concentrations of hydrocarbon gases that would
correlate with the acoustic features. Furt her nor e, t he
composition of the gases mght provide a clue to their sources.
Part of the 1977 field season was devoted to testing this idea.

During the 1977 field season two sets of sanples were
collected for hydrocarbon gas analysis (Fig. 29). The first set
consisted of 22 sanples from 9 gravity cores. These cores were
taken on the southern Bering shelf in a region where acoustic
anomal i es had been noted on the seismc records. Four of these
cores were |ocated over the anomalies, and five were at positions
not associated with anomalies, The second set of 22 sanples cane
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from6 gravity cores taken on the southern Bering sl ope. From
these two sets of sanples, conparisons were made between the
occurrence of hydrocarbon gases from these two regions of the
continental margin.

The follow ng procedure was used for gas analysis. The 8-cm
internal dianmeter core liner fromthe gravity core was cut at
intervals (usually 0-10, 50-60, 100-110 cm). The sediment core
was extruded from each of these intervals Into a preweighed, 1
qt. can. The can had been pre-prepared with two snmall holes near
the top and septa had been fixed over the holes. The can was
filled with distilled water that had been purged with heliumto
renmove any di ssolved hydrocarbon gases. Fromthe can 100 m of
water was renoved. A double friction top was sealed in place,
and the 100 ml headspace was purged with the helium through the
septa. The cans were shaken for 10 ninutes. From the can about
5 mM of gas was renoved. Exactly one ml of this gas was injected
into a nodified Carle 311 Analytical Gas Chronatography equipped
with both flame ionization and thermal conductivity detectors.

The instrument was calibrated by nmeans of a standard m xture of
hydrocarbon gases prepared by Matheson Gas Conpany. Cal cul ations
of concentrations of gases were determ ned from chromatograms by
measuring the heights of peaks representing the gases. artition
coefficients were used to correct for the varying solubilities of
the gases. Concentrations are reported as nL/L of wet sedinent.

Results obtained during the 1977 field season are recorded
in Table 13 (shelf) and Table 14 (slope). On the shelf, cores G
1, G4, G7, and G 10 were obtained in sedinents over acoustic
anomalies. The remaining cores were taken in areas where no
anonalies were evident. There appears to be no correlation
between gas concentrations and the presence of acoustic
anonalies; that is, no hydrocarbon gas anonalies are associ ated
w th acoustic anomali es. If the acoustic anomalies are indeed
caused by high concentrations of hydrocarbon gases, our data
suggest that these gases do not leak to the surface to produce
unusual concentrations of gases. The thick (200-300 m of
sedi ment cover may obscure or prevent gas mgration.

Concentrations and conpositions of the gases fromthe shelf
and slope are generally simlar. Average concentrations of C;
differ slightly only because deeper samples with higher C;

concents were recovered on the slope and are included in the
average. For exanple, on the shelf, the average concentration of
C, i s about 2800 nL/L while on the slope the sanples have an
average O concentration of about 3400 nL/L. The concentrations
of the higher nolecular weight hydrocarbons are simlar for
sedinents from both shelf and sl ope.

Shelf sedinents have an average c;(C, + C) ratio of 34 in
contrast to the slope sedinents with an average ratio of 107
Samples from the slope, however, include deeper intervals wth
higher O contents and thus higher ¢,(C,+ Cq) ratios. This ratio
has been used in the past to interprét Sourtes of hydrocarbon
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gases (Bernard, Brooks, and Sackett, 1977, Earth and Planetary
Science Letters, 31, 48-54). Ratios |less than 50 were
interpreted (0 I Nndicate the presence of thermogenically-derived
gases. Ratios greater than 50 suggested mainly biogenically~-
produced gases. Although this ratio may be a useful guide when
hi gh concentrations of gases are being considered, in the present
study invol ving relativety | ow concentrations of gases, this
rati o probably is not indicative of sources of hydrocarbon
gases. It is quite likely that nmost of the hydrocarbon gases
measured here are biologically-derived. The fact remains
however, that in the first 60 cmof the cores, the ¢; (G + Cj3)
ratios for southern Bering shelf and slope sedinents are
generally low as indicated on Table 13 and 14, and as al so
observed for the sanples examned fromthe 1976 field season

Two cores show usual concentrations of single conponents.
C, is higher in sanples fromcore G 12 than in other cores from
both the shelf and the slope. In core G28, the intervals from
100 cm and deeper show unusual 'y high anounts of i-c,. The
significance of these observations is not clear at present.

The data shown in Tables 13 and 14 were obtained from
anal yses performed on shipboard immediately after core
recovery. After gases were analyzed, these sanples were
frozen. A nunber of sanples were thawed |ater and reanal yzed.
This process tends to increase the amount of hydrocarbon gases
that can be extracted. Mst of the hydrocarbon gases are
probably dissolved in the interstitial water of the sedinents,
and these are ﬁartially renoved during the first extraction.
Freezing and thawi ng release additional hydrocarbon gases that
are held in the sediment in unknown ways. For these kinds of
analyses, it is evident that conparisons of results can be made
only with sanples which have been processed in the sane way.
Because anal yses of unfrozen sanples recovered imediately after
coring involves |east sanple manipulation, results of these
anal yses have been given here.

This work has shown that hydrocarbon gases are present in
surface and near-surface sedinments of the southern Bering shelf
and slope. Concentrations of hydrocarbons are about the sane in
shel f and sl ope sedinments in the interval from O to about 60
cm  On the shelf, acoustic anomalies at 200-300 m depth do not
produce hydrocarbon gas anomalies in the near-surface sedinents
above them The concentrations and distributions of hydrocarbon
gases in the sedinents examned here do not indicate that gas
seeps are active in the areas sanpled or that the gas in the
sedinents constitutes a geologic hazard because of high
concentrations.

Di scussi on

The Petrology of the surface sediments suggests that small
amounts of materral from mainland Al aska has been transported to

the outer shelf relative to the volcanic material derived from
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Table 13.

Hydrocarbon Gases - Southern Bering Shelf S6-77

C
Interval Water . . 1
Sta. Sample (cm) Depth Concentrations _(nL/L wet sediment) : o3
(m) G C2 €2 : 1 C3 C3:1 i -C4 n-
2 G =1 0-10 136 810 30 34 17 n - 17
" 50-60 4480 42 28 22 5 6 .9 70
" 92-102 5160 63 44 43 14 9 12 49
3 G-2 0-1o 129 890 18 22 13 29
n 42-52 2150 42 28 24 8 9 9 33
4 G-4 0-10 110 1040 27 34 13 17 9 26
" 55-65 3230 39 31 22 11 9 53
N
(o]
5 G-6 0-10 108 1040 27 38 19 N 6 23
" 50-60 3930 48 28 28 8 6 9 52
6 Gy 0-10 109 790 24 22 15 6 . 79
U 27-37 2070 51 50 34 17 12 12 24
7 G-10 0-10 130 750 15 25 9 8 2 31
" 34-44 2300 36 38 24 14 38
8 G-n 0-10 145 1860 47 45 26 14 6 9 25
" 50-60 2680 29 la 17 8 6 8 58
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Table 14. Hydrocarbon Gases - Southern Bering Slope S6-77

C,
Sta Sample Interval ng;g Concentrations (nL/L wet sediment) W
cm . .
(cm) (m G C2 C2n €3 C3:1 1 -C4 n-Cy
15 G-15 0-10 825 970 26 47 16 14 6 9 23
" 100-110 925 43 62 30 26 6 9 13
16 6-1 8 0-10 1195 815 23 32 16 14 6 21
n 50-60 2880 23 24 14 9 79
" 100-110 4090 26 29 14 11 6 104
17 G-21 0-10 2224 1290 31 32 25 9 6 9 23
" 50-60 1610 17 18 9 6 62
o o 100-110 2090 17 15 5 6 - 95
o) “ 150-160 4070 23 9 9 127
20 6-25 10-20 2900 lolo 11 26 9 9 51
" 70-80 4600 17 14 7 6 192
“ 110-120 5330 23 14 9 9 - 167
I 160-170 7730 23 20 9 12 242
" 200-210 6650 28 20 9 15 180
21 G-27 0-10 3158 5120 20 23 9 6 177
" 50-60 4740 17 14 5 6 - 215
" 102-112 7920 20 17 7 - 293
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the Aleutian Islands and Al askan Peninsula. The present-day
continental shelf of the southern Bering Sea is extrenely flat
and broad. Bottom gradients typically are nuch |less than 0.25°
(1:13,000) and the nouths of large rivers that feed sedinment into
the Bering Sea, the Yukon, Kuskokwim. Kvichak, and, to a |esser
extent, the Nushagak Rivers, are over 500 km away from the outer
shelf. Sediment 1s transported from these rivers into Bristo
Bay, but has al nost no opportunity to be advected to the outer
shel f because of the extrenely |ow topographic gradients and
insufficient watermass nmovement.  Structural fronts in the water-
colum are parallel to the 50-misobath (Schumacher et al ., in
prep. ) . These fronts may have sone effect in inpeding the
seawar d di spersal of detritus toward the outer continental shelf.
The Aleutian Islands and the Al askan Peninsula are obvious
sedi nent sources for the volcanic conﬁonents today but the Bering
Canyon (Figure 6) provides a topographic depression that traps
sedinent before it can get to the outer shelf. The sluggish
sem - gyre cyclonic circulation pattern that characterizes surface
flow in the southern Bering Sea (Favorite, 1974; Takenouti and
Chanti, 1974) is only on the order of 2 to 3 cm sec (Schumacher
et al. , in prep.), too slowto transport even clay-sized
particles.

The pribilof Islands and pribilof Ridge also are potentia
sedi ment sources for some of the vol canic conponents but the |ow
relief and small area of the features preclude any |arge
contributions. Lack of a dominant circulation and very |ow
current velocities also elimnate the Pribilof Ridge as a major
source. Thus , today, the source areas are isolated fromthe site
of deposition,

Consequently, it seenms unlikely that sedinents are presently
bein% transported to and deposited on the outer continental shelf
of the southern Bering Sea in significant quantities, and the
upper nost deposits nust be relict from a previous depositional
envi ronment . Diatom floras from the bottom of each of our cores
all fall within the Denticula sem na zone (J. Barron, personal
conmmuni cation, 1976 and 1977), which ranges from 260, 000 years BP
to present (kKoizumi, 1973).  Although we believe that the
sedinents are relict and not nodern, about all we can say about
their age fromexisting data is that they are late Quaternary in
age.

The domi nant influence on Quaternary continental shelves has
been glacioeustatic | owering of sea level, and it seens probable
that this influence was magnified on the broad, flat shelf of the
Bering Sea. Estimates of the |owering of sea level during the
Pl ei stocene gl acial periods are all aboutizom (Curray, 1960,
1965; Bloom 1971). We have drawn a shoreline in Fig. 30 along
the present-day 130-m isobath and subtracted 130 m from each of
t he isobaths t0 yield a schematic bathymetric chart of a | ow sea
| evel period. Several features of this chart are worth noting.
The region landward of the shoreline is featureless and flat wth

gradients much less than 0.25°. Any streans that flowed across
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this energed shelf nust have been very meandering with a large
dendritic distributary system This is especially inportant in

l'ight of speculations by Scholl et al. (1970) that the Yukon and
(or) Kuskokwim Rivers cut the Pribilof Canyon during the
Pl ei st ocene. W see no evidence of buried or surface stream

channels on nore than 10,000 km of high-resolution seismc data
(12 kHz, 3.5 kHz, and 1.5 kHz), and so we conclude that no rivers
cut channels across this portion of the continental shelf during
Pl ei stocene | ower sea levels and that Pribilof Canyon was formed
much earlier than the Pleistocene. Streans that debouched into
the southern Bering Sea during glacial periods were not conpetent
to transport much coarse-grained sedinent. The mainland
components (factor 2 of the Qnode analysis) are represented by
quartz, garnet, epidote, orthopyroxene, netanorphic rock
fragments, Si, K and Ba. However, all of these conponents are
distributed as background with relatively |ow concentrations over
the outer shelf.

Superinmposed on this background of mainland nmaterials are
northwest-trendi ng gradients of sedinents that contain relatively
hi gh concentrations of andesitic conponents (factor 1),
decreasing away fromthe Aleutian Islands in the vicinity of
Unimak Pass. This Aleutian conponent is reEresented by
clinopyroxene, Vvolcanic glass, volcanic rock fragments, snmectite
+ vermculite, Na, ca, Mg, Fe, Ti, A, Co, Cu. Mn, VvV, and 2Zn.

Vol canic debris is also distributed as an aureole of |ocal extent
around the pribilof Islands. The northwest-trending gradients
away fromthe Al eutian Islands reflect longshore transport of
clay- to sand-size naterial fromthe Aleutians during periods of

| ow sea levels. Mich, and perhaps the vast majority, of the
detritus shed off the Al eutians and Al askan Peninsula was trapped
by the Bering Canyon and funneled onto the continental rise.
However, apparently nmaterial was periodically captured by

| ongshore currents and transported onto and along the narrow
shelf. Possibly the head of Bering Canyon may have periodically
filled up, which allowed sedinent to be transported across to the
shelf. The strong gradients seen especially in the geochemical
data suggest that a relatively strong, cyclonic, nearshelf
circulation nay have existed that was conpetent to transport
coarse sediment along the shelf.

Wien sea level rose during periods of glacial to
interglacial transition, the shift in the position of the
shoreline nmust have been rapid because of the very |ow
t opographic gradients (Fig. 31). If we use the Pleistocene to
Hol ocene transgression as a nodel, then the initial retreat of
the shoreline was slow with a 50-mrise in sea |level producing a
transgression of about 70 km  Sea level curves (Curray, 1960,
1961; Morner, 1971; Bloom 1971) indicate that the first 50-m
rise in sea level took about 5,000 years. However, the next 10-m
rise in sea level produced a 175-kmretreat of the shoreline in
only about 1,000 years. The remaining 70-m rise in sea level
caused a 250-km transgression in the remaining 6,000 to 8,000
years. Therefore, Wwhen the shoreline began to retreat, it did so
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rapidly and, in effect, deserted a sediment distribution pattern
with [ittle nodification. The result is a gl acial-period
sedinent distribution pattern and an interglacial-period
oceanographic circulation, as is observed today.

Present - day oceanographic conditions have nodified the
distribution and character of the sedinents to a snall degree,
and in this context they are palinpsest (Swift, et al., 1971).
Maps of lithofacies and sorting (Figs. 8 and 9) Show that a
ton?ue of noderately sorted, coarse sedinents extends along the
shel f break south of Pribilof Canyon and al ong the northern flank
of Bering Canyon. The tongue of Pribilof Canyon seens to be
restricted in extent and this restriction coincides with the
steepest portion of the continental slope. Conversely, the
poorest sorted and finest-grained sedinents, with relatively high
concentrations of absorbed organic material (Q node factor 3),
are found in the center of St. George basin. This distribution
of textures can be explained by a conbination of |ong-period
storm waves and a gravity potential, i.e. a change in bathynetry
significant enough to provide the energy necessary to Kkeep
sedinent in transit. Komar et al (1972 show that waves with a
15-sec period cause rippling of sandy sedinments off the Oregon
coast in water depths down to 149 m  Thus, high sea states that
commonly occur in the southern Bering Sea during the [ate summer
and fall can affect bottom sedinents of the outer shelf.
Resuspensi on of surface sedinments by long-period storm waves
would increase the density of the shelf-bottom boundary |ayer
with the incorporation of clay and silt. The coarser sedi nment
woul d probably fall out of suspension quickly. If this dense
boundary layer were located in an area closely adjacent to,a

gravity potential (i.e. a region with a slope of perhaps 2 ‘r
more) , then the dense boundary layer would Tl ow down slope and
out of the area. This mechanism would tend to wi nnow out the
fine-grain sizes and inpart a better sorting to the sedinment than
remains behind. The patterns of textural paraneters (Figs. 8 and
9) show this result. The broad continental slope north of Bering
Canyon has gradients of about15° and apparently is too gentle
toprovide the critical gravity potential, thus little w nnow ng
is occurring there. However, the slope just south of Pribilof
Canyon has gradients in excess of 3° and evidence of w nnowing is
suggested by better sorting and coarser grain sizes.

Sediments in St. George basin also are affected by these
| ong-period storm waves but, because of lack of a gravity
potential, the shelf-bottom boundary layer is restricted to the
limts of the basin and the sedinment is redeposited in the sane
general area. The fact that St. George basin is a surface graben
also helps to explain the general lack of transport of sedinent
out of this area. Storm waves mix sedinents in St. George basin,
but the only apparent effect is to OCbscure the boundaries between
the textural provinces and to concentrate finer-grained and nore
poorly-sorted sedinent into a bull's-eye pattern.
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Distribution patterns of grain size do not reflect the
graded-shel f size distribution described by Sharnma et al.
(1972). However, their sanpling stations stop along the northern
boundary of the area covered by our data. \Wen the data of
Sharma et al. (1972) are joined to our data, the two conpl enent
each other very well, yet each tells a different story. Their
data are concentrated in the shallow (<100m) reaches of Bri stol
Bay and reflect a gradual decrease in grain size with distance
from shore. Qur data are concentrated in depths greater than
100m, and show the overprints of the effects of topography
(gravity) controls on the redistribution of sedinment. Sedinments
in Bristol Bay are presently affected by storm waves because even
the relatively short-period waves can affect the sediment
surface. The outer shelf is immune to the nornal sea state
because of depth and only periodic large storm waves affect the
sea floor in this region and only for short durations.

DI STRI BUTI ON OF FAULTS AND POTENTIALLY
UNSTABLE SEDI MENTS

Summary

Seismc-reflection data are used to identify and map faults
beneath the outer continental shelf of the southern Bering Sea.
W studied nore than 10,000 km of single-channel and 600 km of
mul tichannel seismc-reflection profiles. Qur seismc systens
can resolve offsets that range froma fraction of a neter to
several Kkilonmeters. Faults are classified as major, m nor, and
surface based on the type and amount of displacenment. Major
faults are those resolved on both nmulti-channel and single-
channel seisnmic-reflection records. These faults generally
penetrate from several hundred meters to several kiloneters
beneath the sea floor and some displace reflectors nmore than 60
meters. Major faults are principally distributed along or near
t he borders of st. George basin and they trend NWSE parallel to
the basin's long axis. Mijor faults often offset the seafloor
and as surface ?aults, are nost abundant along the boundaries of
St. (George basin. Mnor faults are widely distributed throughout
the outer shelf; however, to the east they are concentrated in
the middle of St. George basin. Mst mnor faults exhibit
di spl acenments of 5 mor |ess and almost all approach the sea
floor to within 4 or 5 m. The precise age of faulting is not
known al t hough both surface and mnor faults do offset upper
Pl ei stocene sedinment. Major faults are probably related to
stress fields established by Mesozoic and Cenozoic plate notions
and mnor faults are related to high seismcity in the nearby
Al eutian subduction zone.

Classification of Faults

We classify faults in this study by their relative anount
of vertical displacenent. The resolutions of the seismc
systems, which determne the mninmm offset we can detect with
each system, are shown in Table 3 and were calculated using the
vel ocity of sound in water and by follow ng the procedure of
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Moore (1972). The following seismc-reflection data were used to
map the distribution of faults: 1) 3.5 kHz; 2) 2.5 kHz; 3)

si ngl e-channel seismc-reflection (60 KJ to 160 KJ sparker, and
up to 1326_in ‘air-gun sources); and 4) 24-channel system using
a 1326 in air-gun array.

A gap may exist in the resolving range of our systens
between about 0.5 mand 3 m which suggests that offset features
in that range may not be resolved. Qur studies concentrate on
faults cutting strata above the acoustic basenent as resolved on
our single-channel seismc-reflection system  However, our
mul ti channel data also indicate that many faults occur within the
acoustic basenent.

Faults are classified as surface, mnor, and major faults. Surface
faults offset the surface of the sea floor regardless of the recording
system They offset the sea floor no more than a few meters. Minor or
near-surface faults are resolved on 2.5 kHz and/or 3.5 kHz records, but
not on single or multichannel seismic-reflection profiles. These faults
typically displace reflectors less than 0.006 sec (5 m); most minor
faults are close to but do not break the sea floor. Sediment can be seen
in places to drape over near-surface faults. Major faults are defined as
those resolved on multichannel and single-channel seismic-reflection
profiles. These faults generally are growth structures and many offset
acoustic basement. Boundary faults are major faults that mark the boundaries
of St. George basin.

Fault Distributions

Distribution of faults is shown in Fig. 32°. The true
orientation of most faults is unknown because of the relatively
W de spacing of tracklines. Faults found on northeast-sout hwest
tracklines, perpendicular to the long axis of St. George basin,
greatly outnunber those observed on northwest-sout heast
tracklines Which indicates that the majority of the faults have a
nort hwest-southeas t trend and parallel the trend of the basin
Faul ts bounding St. George basin can be confidently traced
bet ween tracklines. W believe that nost faults beneath the
shelf and those in St. Ceorge Basin in particular, trend
nort hwest - sout heast parallel to the basin and to the margin.

Boundary faults clearly delineate St, George basin and the
north side of the pribilof ridge. These faults are nornal
faults, occur in groups, and exhibit increased offset with depth,
which indicates growth-type structures. These faults in many
places cut nearly all of the sedinmentary section, and often
of fset acoustic basenent, but rarely offset the sea floor.

Major faults (other than boundary faults) principally occur

wWithin St. George basin, although a few occur within Amak basin
(Figure 33). This class of fault decreases in abundance near the
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Pribilof Islands. Mjor faults show displacenents that generally
are less than the larger boundary faults but offsets greater than
0.08 sec (60 occur in the central region of St. Ceorge

basin. Major taults are not always offset in the same sense as
adj acent boundary faults, which suggests that deformation of the
outer shelf has involved nore than sinple subsidence.

Surface faults tend to be nore abundant along the outer
margin of St. George basin and along pribilof ridge than in the
center of the basin (Figure 33). Mst surface faults can be
traced from high-resolution to | owresol ution records, which
suggests that nost surface faults are expressions of mjor faults
and of boundary faults.

Mnor faults (Figure 34) occur throughout the southern outer
shel f, although, 1like other classes of faults, they are also
concentrated in the middle region of St. (George basin, away from
the pribilof ridge. M nor ?aults are nore frequent south of the
ridge than to the north (Figure 34). Mst mnor faults offset
reflectors less than 0.006 sec (5 m and alnost all these faults
cut the top 0.005 sec (approxinately 4 n? of the sedinentary
section. i atons recovered in sedinent from gravity cores up to
2m | ong are younger than 260,000 years (all within the _Denticula
sem nae Zone, John Barron, pers. commun. , 1976, 1977). It we
assume that a 2m core just penetrated the entire Denticula
seminae Zone, then the m ni num accunulation rate is 0.8 cnf 10’
yr. |f we assune that this mininum accunulation rate is typi cal
for the top 4 m of sediment (the thickness generally affected by
mnor faults}), then the maxi num age_of the sedinent, calculated
at 0.8 cm/10 yr. is 520,000 YBP.  Thus, minor faulting may be no
ol der than Pleistocene in age, Accunulation rates may be much
greater, for exanple 10 cni103yr. as suggested by C** dates from
areas farther north (askren, 1972), in which case the m nor
faults could cut sedinent as young as 40,000 YBP.

Potentially Unstable Sedinments_

Areas of potentially unstable sedinment masses (Fig. 32 were
determined from the seismc reflection records by using one or
nore of the following criteria: 1) surface fadlts with steep
scarps and rotated surfaces; 2) deforned bedding and/or
di scontinuous reflectors; 3) hummocky topography; 4)
anonal ously thick accunulation of sediment; and 5) acoustically-
transparent nasses of sedinent. Regions that show unstable
sediments (e.g. gravity slides, slumps, creep, scarps, etc. ) are
confined to the continental slope and rise and the pribilof and
Bering canyons. Zones of creep, as shown by irregular, humocky
t opography, begin near the shelf break at depths of about 170 m
and continue onto the upper continental slope. Hummocky
t opography occurs on the continental slope on a large scale and
mass novement is a common feature. W regard the entire
continental slope and the walls of the nmajor submarine canyons to
be zones of potentially unstable sedinent. Regines of active
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sedi ment novenment could respond to a variety of energy sources
i ncluding earthquakes, storms, internal waves, and gravity.

Di scussi on

Faul ts of the outer continental shelf of the southern Bering
Sea are concentrated in St. George basin. Mny faults cut upper
Pl ei stocene sedinment and sone offset the sea floor, indicating
that the area is tectonically active. The processes that
initially formed St. Ceorge basin are presently active.
Principal structural features along the outer continental shelf,
e.g. St. Ceorge and amak basins, as well as other m nor basins
(see Marlow et al., 1976), probably all had a conmon origin and
tectonic history. Subduction between the kula (?) and North
American plates along the Bering Sea nmargin is thought to have
been oblique during the Mesozoic (Marlow et al., 1976). However
reconstructions by Cooper et al. (1976), indicate that the
ancient margin may have been a transform fault separating two
plates. Nevertheless, structural patterns were devel oped
parallel to the margin. The Mesozoic stress field and therna
regi me changed when subduction junped from the Siberian margin to
near the present Al eutian trench. If oblique subduction did
occur along the Bering Sea margin, then a southward shift of the
site of conpression would have isolated the margin in late
Mesozoic time. A relaxation of conpression would then give way
to extension and thus to formation of grabens beneath the outer
shelf.  The conplementary horst structures hypothesized by Bott
(1976) for this type of nodel may be represented by the Pribilef
ri dge. If the Bering margin was instead a transform fault zone
during the Mesozoic, then sone conplex nmodel such as a
conmbi nati on of sediment |oading (Watts and Ryan, 1976), mantle
met anor phi sm (Falvey. 1974) and mantl e flowage (Bott, 1976) nay
have lead to the collapse of the margin and formation of |arge
grabens along the outer shelf. \Watever the tectonic stresses
are that caused extension, they are presently active as evidenced
by large growth faults bounding St. George basin. Second-order
structures such as mnor faults are probably superinposed
features which resulted from subduction beneath the arc during
t he Cenozoic.

The southern Bering Sea margin is within 500 km of the
Aleutian Trench, the present site of subduction between the
Pacific and North Anmerican plates. Several intermediate - to
deep-focus (71 to 300 km deep) and many shal | owfocus (less than
71 km deep) earthquakes were recorded beneath the southern Bering
Sea margin from 1962 to 1969 as shown in Figure 35 . The St
George basin and surrounding areas have been subject to
earthquakes with intensities as high as VIl (nodified Mercalli
scal e), which corresponds to a magnitude 5.7 earthquake (Meyers
and others, 1976). Recurrence rates of earthquakes for the area
bounded by latitudes 50° and 60° N and |ongitudes of 160°to 175°W
have been as high as 6.4 earthquakes per year from 1963 to 1974
for magnitudes of 4.0 to 8.4, and 0.013 earthquakes per year of
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magni tude 8.5 to 8.9 51 every 130 years) from 1899 to 1974
(Meyers and others, 1976).

The correlation of earthquakes to shallow faulting is not
wel | understood (Page, 1975). W believe, however, that many of
the faults in the southern Bering Sea are active and that they
probably respond to earthquake-induced energies and possibly to
sedinent loading in St. George basin.

CONCLUSI ONS

Detailed conclusions are given in the discussion sections of
parts 2 and 3. Sone of the major conclusions are repeated in
this section.

The large nunber of faults, evidence for recent novement
along sone, and the high seismcity indicate that faulting is a
maj or environnental concern in the outer continental shelf re%ion
of the southern Bering Sea, especially in St. George basin. | |
faults are Potentially active, their novenent _probably influenced
by seismic energies and the local geol ogy, including basenent
structures and sedinment |oading. Unstable sedinent masses pose
potential threats to devel opments on the continental slope and
wal I s of the subnarine canyons.

M ner al ogi cal and inorgani ¢ geochemical data show t hree
maj or sources of sediments and one sedinent sink. The Alaska
mai nl and source forms a mneral ogi cal and chem cal background to
nmost sanples fromthe shelf. The dom nant source is the Al eutian
| sl ands and a third, very local source, is the Pribilof
sl ands. St. George basin has served as a sink for fine-grained
sedi nent.

Sedinent distributions do not appear to reflect present-day
deposi tion. Rat her, we believe that the distributions are the
result of accunulation during periods of |ower sea level in the
Pl ei stocene, nodified by present-day processes. Evidence for
this conclusion is shown by a concentration of Aleutian
sedi ments, between the 100m and 200 m i sobaths, which exhibit a
strong gradient, or “plune”, that decreases away from Unimak Pass
into St. George basin. Lack of present-day currents sufficient
to nove even clay-size material and the presence of the Bering
submari ne canyon between the Aleutian Islands and the outer
continental shelf and slope indicate that Holocene sedinent
dynam cs cannot be used to explain the observed distribution of
surface sediments derived from the Aleutian Islands. W believe
it is logical to suggest that this distribution pattern is relict
and is the result of sedinment dynamics ‘during |ower sea |evels.
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